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^ plasminogen into piasmin that degrades the fibrin network of blood clot to form soluble products and therefore is 
q useful as a thrombolytic agent, a DNA sequence encoding amino acid sequence of it, a process for producing it 
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NEW TISSUE PLASMINOGEN ACTIVATOR 

This invention relates to a new tissue plasminogen activator. More particularly, it relates to a new tissue 
plasminogen activator which has strong activity for converting plasminogen into plasmin that degrades the 
fibrin network of blood clot to form soluble products and therefore is useful as a thrombolytic agent, to DMA 
sequence encoding amino acid sequence of it, to a process for producing it and pharmaceutical composi- 
s tion comprising it *~ -^f 

The whole amino acid sequence and structure of a native human "tissue plasminogen activator" 
(hereinafter referred to as M t-PA n ) and DNA sequence coding for it derived from a human melanoma cell 
(Bowes) have already been clarified by recombinant DNA technology [Cf. Nature 301 , 214 (1983)]. 

However, the native t-PA obtained by expressing DNA encoding amino acid sequence of the native t-PA 
io in E. coli can hardly be refolded and therefore only an extremely small quantity of the active t-PA can be 
recovered from the cultured cells of the E. coli . 

From the results of various investigations, inventors of this invention succeeded in producing new t-PA 
which is well refolded, even in a form of the resultant product obtained from the B coli cells to give an 
active t-PA. and display a longer half-life and has a stronger thrombolytic activity than the native t-PA. 
75 The new t-PA of this invention may be represented by the following amino acid sequence (I) as its 
primary structure. 

180 190 
R-GluGlyAsnSerAspCysTyrPheGlyAsnGlySerAlaTyrArgGlyThrHisSer 

200- 210 
LeuTttrGluSerGlyAlaSerCysLeuProTrpAsnSerMetlleLeuIleGlyLysVal 

220 230 
TyrThrAlaGlnAsnProSerAlaGlnAlaLeuGlyLeuGlyLysHisAsnTyrCysArg 

240 250 
AsnProAspGlyAspAlaLysProTrpCysHisValLeuLysAsnArgArgLeuThrTrp 
30 260 270 

GluTyrCysAspValProSerCysSerThrCysGlyLenArgGln^ Y— 

277 280 , 290 



20 



25 



35 



40 



45 



^X-GlyGlyLetiPheAlaAspIleAlaSerHisProTrpGlnAlaAlalle 

300 310 
PheAlaLysHisArgArgSerProGlyGluArgPheLeuCysGlyGlylleLeuIleSer 

320 330 
SerCysTrpIleLeuSerAlaAlaHisCysPheGlnGluArgPheProProHisHisLeu 

340 350 
ThrVallleLeuGlyArgThrTyrArgValValProGluGluGluGluGlnLysPheGlu \ 

360 370 
ValGltiLysTyrlleValHisLysGluPheAspAspAspThrTyrAspAsnAspIleAla 



50 
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380 390 
LeuLeuGlnLeuLysSerAspSerSerArgCysAlaGlnGluSerSerValValArgThr 

400 410 
ValCysLeuProProAlaAspLeuGlnLeuProAspTrpThrGluCysGluLeuSerGly 

420 430 
TyrGlyLysHisGlxiAlaLeuSerProPheTyrSerGluArg^feuLysGluAlaHisVal 

440 450 
ArgLeuTyrProSerSerArgCysThrSerGlnHisl/euLexiAsnArgThrValThrAsp 

460 470 
AsnMetLeuCysAlaGlyAspThrArgSerGlyGlyProGlnAlaAsnLeuHisAspAla 

480 490 
CysGlnGlyAspSerGlyGlyProLeuValCysLeuAsnAspGlyArgMetThrLeuVal 

500 510 
GlyllelleSerTrpGlyLeuGlyCysGlyGlnLysAspValProGlyValTyrThrLys 

520 527 
ValThrAsnTyrLeuAspTrpIleArgAspAsnMetArgPro 



92 100 
wherein R is Ser- or CysTyrGluAspGlnGlylleSerTyrArgGlyThrTrp 

110 120 
SerThrAlaGluSerGlyAlaGluCysThrAsnTrpAsnSerSerAlaLeuAlaGlnliys 

130 140 
ProTyrSerGlyArgArgProAspAlalleArgLeuGlyLeuGlyAsnHisAsnTyrCys 

150 160 
ArgAsnProAspArgAspSerLysProTrpCysTyrVaCPheLysAlaGlyLysTyrSer 

170 174 
SerGluPheCysSerThrProAlaCysSer- 

X is -Lys-, -He- or bond and 

Y is -TyrSerGinProGinPheArglle-, -TyrSerGlnProGlnPbeAsplie-, -TyrSerGinProlieProArgSer- or - 
ThrLeuArgProArgPheLysile-. 

[The numbering of the amino acid sequences of the t-PA is according to that described in Nature 301 , 217 
(1983)] 

In the above amino acid sequence, Asn 18 *, Asn 218 and Asn 448 may be glycosylated depending on the 
nature of host cellular environment in the process for the preparation thereof by recombinant DNA 
technology. 

In this specification, the following code names are conveniently employed for the new t-PAs of this 
invention. 
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TTktPA 

In the above amino acid sequence (I). R is Ser-, X is -Lys- and Y is -TyrSerGlnProGlnPheArglie-. 
TTitPA 

In the above amino acid sequence (I), R is Ser-, X is -He- and Y is -TyrSe/G^roGlnPheArglle-. 

to 

TQitPA 

In the above amino acid sequence (I), R is the residues labelled Cys 32 to Ser 74 - of the native tPA, X is 
-lie- and Y is -TyrSerGlnProGlnPheArglie-. 

* TQktPA 

In the above amino acid sequence (I), R is the residues labelled Cys 92 to Ser ,7A - of the native tPA, X is 
20 -Lys- and Y is -TyrSerGlnProGlnPheArglie-. 

STTktPA 

25 In the above amino acid sequence (I), R is Ser-, X is -Lys- and Y is -TyrSerGlnProGlnPheAsplle-. 

ST.QktPA 

30 In the above amino acid sequence (I), R is the residues labelled Cys 32 to Ser ,7A - of the native tPA. X is 

-Lys- and Y is -TyrSerGlnProGlnPheAsplle-. 



STQHPA 

35 

In the above amino acid sequence (I), R is the residues labelled Cys 92 to Ser 17 * of the native tPA, X is 
-He- and Y is -TyrSerGlnProGlnPheAsplle-. «• 



40 thTTtPA 

In the above amino acid sequence (I), R is Ser-, X is bond and Y is -TyrSerGlnProlleProArgSer- 



45 uTTtPA 

In the above amino acid sequence (I), R is Ser-. X is -Lys- and Y is -ThrLeuArgProArgPheLyslIe- 
The native t-PA is a single chain serine protease which is converted to a 2-chain form, heavy and light 
chains, linked by single disulfide bond with plasmin. The light chain (L) is a protease domain and therefore 
so contains the active-site of the enzyme. The heavy chain (H) has a finger domain (F) (having homology to 
fibronectin), a growth factor domain (E) (homologous to epidermal growth factor) and two kringles (i.e. 
(cringle 1 and kringle 2 domains; K* and K2) having triple disulfide bonds. Accordingly, the native t-PA is 
composed of ftv functional domains F, E. Ki, K 2 and L [Cf. European Pat nt Application laid open No. 
0196920 and Proc. Natl. Acad. Sci. USA 83 4670 (1986)]. 
55 Ther fore, it is to be understood that this invention also provides 

(1) finger and growth factor domains lacking t-PA without glycosylate and 
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(2) finger and growth factor domains lacking t-PA essentially free from other proteins of human and 
animal origin. 

The above-defined t-PA includes t-PA essentially consisting of kringle 1 and kringle 2 domains of the 
heavy chain and the light chain of the native t-PA, and a t-PA prepared by deletion or substitution of the 
5 amino add sequence of said t-PA (e.g. t-PA essentially consisting of kringle 2 domain of the heavy chain 
and the light chain of the native t-PA. the above-exemplified t-PAs in which Lys 277 is substituted with He 277 , 
and/or Arg 275 is substituted with Gly 275 , Glu 275 , Asp 275 , etc.). 

The new t-PA of this invention can be prepared by recombinant DNA technology and polypeptide 
synthesis. 

io Namely, the new t-PA of this invention can be prepared by culturing cetl transformed with an 

expression vector comprising DNA encoding an amino acid sequence of the new t-PA in a nutrient medium, 
and recovering the new t-PA from the cultured broth. 

In the above process, particulars of which are explained in more detail as follows. 

The host cell may include a microorganism [bacteria (e.g. Escherichia coli , Bacillus subtilis , etc.), yeast 

T5 (e.g. Saccharomyces cerevisiae , etc.)], cultured human and animal cells (e.g. CHO cell, L929 cell, etc.) and 
cultured plant cells. Preferred examples of the microorganism may include bacteria, especially a strain 
belonging to the genus Escherichia (e.g. E. coli HB 101 ATCC 33694, E coii HB 101-16 FERM. BP-1872, E. 
coli 294 ATCC 31446, E. coli x 1776 ATCC 31537, etc.), yeast, animal cell lines(e.g. mouse L929 cell, 
Chinese hamster ovary(CHO) cell, etc.) and the like. 

20 When the bacterium, especially EL coli is used as a host cell, the expression vector is usually 
comprising at least promoter-operator region, initiation codon, DNA encoding the amino acid sequence of 
the new t-PA, termination codon, terminator region and replicatable unit. When yeast or animal cell is used 
as host ceil, the expression vector is preferably composed of at least promoter, initiation codon, DNA 
encoding the amino acid sequence of the signal peptide and the new t-PA and termination codon and it is 

25 possible that enhancer sequence, 5 - and 3-noncoding region of the native t-PA, splicing junctions, 
poiyadenylation site and replicatable unit are also inserted into the expression vector. 

The promoter-operator region comprises promoter, and Shine-Dalgarno (SD) sequence (e.g. AAGG, 
etc.) Examples of the promoter-operator region may include conventionally employed promoter-operator 
region (e.g. lactose-operon. PL-promoter, trp-promoter, etc.) and the promoter for the expression of the new 

30 t-PA in mammalian ceils may include HTLV-promoter, SV40 early or late-promoter, LTR-promoter, mouse 
metailothionein l(MMT>promoter and vaccinia-promoter. 

Preferred initiation codon may include methionine codon (ATG). 

The DNA encoding signal peptide may include the DNA encoding signal peptide of t-PA. 

The DNA encoding the amino acid sequence of the signal peptide or the new t-PA can be prepared in a 
3S conventional manner such as a partial or whole DNA synthesis using DNA synthesizer and/or treatment of 
the complete DNA sequence coding for native or mutant t-PA inserted in a suitable vector (e.g. pTPA21 , 
pTPA25, pTPA102, p51H, pN53, pST112, etc.) obtainable from a transformant [e.g. E. coll LE 392X* - 
(pTPA21), E. coli JA 221 (pTPA 25) ATCC 39808, & coli JA 221 (pTPA 102) (Lys 277 - He) ATCC 39811, 
E. coli JM109(p5tH) FERM P-9774, E. coli JM109(pN53) FERM P^S, E. coli DH-1 (pST1 1 2) FERM BP- 
40 1966, etc.], or genome in a conventional manner (e.g. digestion with restriction enzyme, dephosphorylation 
with bacterial alkaline phosphatase, ligation using T4 DNA ligase). 

The termination codon(s) may include conventionally employed termination codon (e.g. TAG, TGA, 
etc.). 

The terminator region may contain natural or synthetic terminator (e.g. synthetic fd phage terminator, 
45 etc.). 

The replicatable unit is a DNA sequence capable of replicating the whole DNA sequence belonging 
thereto in the host cells and may include natural plasmid, artificially modified plasmid (e.g. DNA fragment 
prepared from natural plasmid) and synthetic plasmid and preferred examples of the plasmid may include 
plasmid pBR 322 or artificially modified thereof (DNA fragment obtained from a suitable restriction enzyme 
so treatment of pBR 322) for E. coli, plasmid pRSVneO ATCC 37198, plasmid pSV2dhfr ATCC 37145 plasmid 
pdBPV-MMTneo ATCC 37224, plasmid pSV2neo ATCC 37149 for mammalian cell. 

The enhancer sequence may include the enhancer sequence (72 bp) of SV40. 

The poiyadenylation site may include the polyadenlation site of SV40. 

The splicing junction may include the splicing junction of SV40. 
55 The promoter-op rator region, initiation codon, DNA encoding the amino acid sequence of the new t- 
PA, termination codon(s) and terminator region can consecutively and circularly be linked with an adequate 
replicatable unit (plasmid) together, if desired using an adequate DNA fragment(s) (e.g. linker, other 
restriction site, etc.) in a conventional manner (e.g. digestion with restriction enzyme, phosphorylation using 
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T4 polynucleotide kinase, ligation using T4 DNA-ligase) to give an expression vector. When mammalian cell 
line is used as a host cell, it is possible that enhancer sequence, promoter, 5 -noncoding region of the 
cDNA of the native t-PA, initiation codon, DNA encoding amino acid sequences of the signal peptide and 
the new t-PA termination codon(s), 3 -noncoding region, splicing junctions and polyadenlation site are 

5 consecutively and circularly be linked with an adequate replicatable unit together in the above manner. 

The expression vector can be inserted into a host cell. The insertion can be earned out in a 
conventional manner (e.g. transformation including transfection. microinjection, etc.) to give a transformant 
including transfectant ^ 

For the production of the new t-PA in the process of this invention,^*us obtained transformant 

w comprising the expression vector is cultured in a nutrient medium. 

The nutrient medium contains carbon source(s) (e.g. glucose, glycerine, mannitol. fructose, lactose, 
etc.) and inorganic or organic nitrogen source(s) (e.g. ammonium sulfate, ammonium chloride, hydrolysate 
of casein, yeast extract polypeptone. bactotrypton. beef extracts, etc.). If desired, other nutritious sources 
[e.g. inorganic salts (e.g. sodium or potassium biphosphate. dipotassium hydrogen phosphate, magnesium 

15 chloride, magnesium sulfate, calcium chloride), vitamins (e.g. vitamin B1), antibiotics (e.g. arnpiciilin) etc.] 
may be added to the medium. For the culture of mammalian cell, Dulbecco's Modified Eagle's Minimum 
Essential Medium(DMEM) supplemented with fetal calf serum and an antibiotic is often used. 

The culture of transformant may generally be carried out at pH 5.5 - 8.5 (preferably pH 7 - 7.5) and 18 - 
40* C (preferable 25-38* C) for 5 - 50 hours. 

20 When a bacterium such as E. coll is used as a host cell, thus produced new t-PA generally exists in 
cells of the cultured transformant and the cells are collected by filtration or centrifugation. and cell wall 
and/or cell membrane thereof are destroyed In a conventional manner (e.g. treatment with super sonic 
waves and/or lysozyme, etc.) to give debris. From the debris, the new t-PA can be purified and isolated in a 
conventional manner as generally employed for the purification and isolation of natural or synthetic proteins 

25 [e.g. dissolution of protein with an appropriate solvent (e.g. 8M aqueous urea, 6M aqueous guanidtum salts, 
etc.), dialysis, gel filtration, column chromatography, high performance liquid chromatography, etc.]. When 
the mammalian cell is used as a host celt, the produced new t-PA is generally exist in the culture solution. 
The culture filtrate (supernatant) is obtained by filtration or centrifugation of the cultured broth. From the 
culture filtrate, the new t-PA can be purified in a conventional manner as exemplified above. 

30 It may be necessary to obtain the active t-PA from the cell debris of bacteria in the above case. For 
refolding of thus produced new t-PA ft is preferably employed a dialysis method which comprises, 
dialyzing a guanidine or urea solution of the new t-PA in the presence of reduced glutathione (GSH) and 
oxidized glutathione (GSSG) at the same concentration of glutathiones inside and outside of: semipermeable 
membrane at4-40*C for 2-60 hours. In this method, the concentration of the glutathiones is preferably 

35 more than 2m M and the ratio of reduced glutathione and oxidized glutathione is preferably 10:1. Further, the 
glutathiones can be replaced with cysteine and cystine in this method. These method can be preferably 
used for refolding of all the t-PA including native t-PA produced by DNA recombinant technology. 

The new t-PA of this invention is useful as a thrombolytic agent for the treatment of vascular diseases 
(e.g. myocardial infarction, stroke, heart attack, pulmonary embolism, deep vein thrombosis, peripheral 

40 arterial occlusion, etc.). The new t-PA of this invention in admixture with pharmaceutically acceptable 
- carriers can be parenterally to mammals including human being in a form of a pharmaceutical composition 
such as infusion. 

The pharmaceutically acceptable carriers may include various organic or inorganic carrier materials 
conventionally employed in the preparation of pharmaceutical composition comprising a peptide or protein 
45 (e.g. serum albumin etc.). 

A dosage of the new t-PA of this invention is to be varied depending on various factors such as kind of 
diseases, weight and/or age of a patient, and further the kind of administration route. 

The optimal dosage of the new t-PA of this invention is usually selected from a dose range of 0.1 - 
I0mg/kg/day by injection or by infusion, 
so The total daily amount mentioned above may divisionally be given to the patient for several hours. 

Mono(or di, or tri)mer (of oligonucleotides) can be prepared by. for examples the Hirose's method [Cf. 
Tanpakushitsu Kakusan Kohso 25. 255 (1980)] and coupling can be carried out for examples on cellulose 
or polystyrene polymer by a phosphotriester method [Cf. Nucleic Acid Research. 9 1691 (1981). Nucleic 
Acid R search 10, 1755 (1982)]. 
55 Brief explanation of the accompanying drawings is as follows' 
Figure 1 shows construction and cloning of plasmid pHVBB. 
Figure 2 shows construction and cloning of plasmid pCUPAxtrp. 
Figure 3 shows DNA sequence of Bglll DNA fragment (1974 bp). 
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Figure 4 shows construction and cloning of plasmid pCUPAAxtrp. 

Figure 5 shows construction and cloning of plasmid pTQiPAAtrp. 

Figure 6 shows construction and cloning of plasmid pTA9004. 

Figure 7 shows construction and cloning of piamid pTTkPAAtrp. 
5 Figure 8 shows DNA sequence of EcoRI DNA fragment {472 bp) and 

Figure 9 shows construction and cloning of pTTiPAAtrp. 

Figure 10 shows construction and cloning of plasmid pTQkPAAtrp. 

Figure 1 1 shows construction and cloning of plasmid pMH9003. 

Figure 1 2 shows construction and cloning of plasmid psTTktrp. 
io Figure 1 3 shows construction and cloning of piasmid pZY. " ^ 

Figure 1 4 shows construction and cloning of plasmid pSTGitrp. 

Figure 15 shows construction and cloning of plasmid pSTQktrp. 

Figure 16 shows construction and cloning of plasmid pMH9006. 

Figure 17 shows construction and cloning of plasmid pthTTtrp. 
is Figure 1 8 shows construction and cloning of plasmid pMH9007. 

Figure 19 shows construction and cloning of plasmid puTTtrp. 

Figure 20 shows construction and cloning of plasmid pST118. 

Figure 21 shows cDNA sequence of a native t-PA in pST1i2. 

Figure 22 shows construction and cloning of plasmid pmTQk118 
20 Figure 23 shows construction and cloning of plasmid pmTQk112. 

Figure 24 shows construction and cloning of plasmid pHS9006. 

Figure 25 shows construction and cloning of plasmid pHS3020. 

Figure 26 shows construction and cloning of plasmid pmTTk. 

Figure 27 shows construction and cloning of plasmid pMH3025. 
25 Figure 28 shows construction and cloning of piasmid pmSTTk. 

Figure 29 shows DNA sequence of coding region in pTTkPAAtrp. 

Figure 30 shows DNA sequence of coding region in pTTiPAAtrp. 

Figure 31 shows DNA sequence of coding region in pTQkPAAtrp. 

Figure 32 shows DNA sequence of coding region in pTQiPAAtrp. 
30 Figure 33 shows DNA sequence of coding region in pSTTktrp. 

Figure 34 shows DNA sequence of coding region in pSTQktrp. 

Figure 35 shows DNA sequence of coding region in pSTGitrp 

Figure 36 shows DNA sequence of coding region in puTTtrp. 

Figure 37 shows DNA sequence of coding region in pthTTtrp. 
35 Figure 38 shows DNA sequence of coding region in pmTQk112. 

Figure 39 shows DNA sequence of coding region in pmTTk. 

Figure 40 shows DNA sequence of coding region in pmSTTk. 
The following Examples are give for the purpose of illustrating this invention, but not limited thereto. 
In the Examples, all of the used enzymes (e.g. restriction enzyme, bacterial alkaline phosphatase, T4 
40 DNA ligase) are commercially available and conditions of usage of the enzymes are obvious to the person 
skilled in the art, for examples, referring to a prescription attached to commercially sold enzymes. 
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Example 1 (Synthesis of oligonucleotides) 

The following oligonucleotides were prepared in a conventional manner described as mentioned above. 

1) For pHVBB 

(Hindu I) (EcoRV) ( BglX I) ( ifam HI) 

LysLeuGlnAspIleGluGlyArgSer 

|^ — HP10 — )[c PH7 ^ 

AGCTTCAGGATATCGAAGGTAGATCTG 

AGTCCTATAGCTTCCATCTAGACCTAG. 
K HPll— >K " HP9 : »| 

HP10; AG— CTT— CAG— GAT 

HP 7 ; ATC-GAA-GGT-AGA-TCT-G 

HP11; C-GAT-ATC-CTG-A 

HP 9 ; GA-TCC-AGA-TCT-ACC-TT 

2) For pTQiPAAtrp and pTQkPAAtrp 

( Clal) ^etCys^-TyrGlu (Avail) 
j< — HP23->J^— HP24 — >j . 
CGATAAAATGTGTTATGAG 

TATTTTACACAATACTCCTG 
U HP25-»U— HP26 J 

HP23; C— GAT— AAA— AT 

HP24; G-TGT— TAT-GAG 

HP25; ACA— CAT-TTT— AT 

HP26; GTC-CTC-ATA 

Cys 1 of TCMPA or TQktPA is corresponding to Cys 32 of the native t-PA reported in Nature 301, 214 
(1983). 
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3) For pTTkPAAtrp and pTTiPAAtrp 

(Clap ^etSer 1 (DdeJ) 

j« HP31 *j 

CGATAAAATGTC 
TATTTTACAGACT 
l<— HP32 d 

HP31; C— GAT— AAA— ATG— TC 
HP32; TC— AGA— CAT — TTT — AT 

Ser 1 of TTktPA or TTitPA is corresponding to Ser 174 of the native t-PA reported in Nature 3Crt, 214 
(1983). 

Example 2 (Construction and cloning of plasm id pHVBB) 
(as illustrated in Rg. 1) 

Oligodeoxyribonucleotides HP7 and HP11 (0.2 nmoie of each.see: Example 1-(1) were phosphorylated 
in 20ul of a ligation buffer (1 mM ATP, 50 mM tris-HCI (pH 7.6), 10 mM MgCI 2 , 20 mM dithiothreitol, 1 mM 
spermidine, 50 ug/mi bovine serum albumin) with 2.5 units of T4 polynucleotide kinase (Takara Shuzo) at 
37 *C for 1 hour. After heat inactivation of the enzyme, other oligodeoxyribonucleotides HP10 and HP9 (0.4 
nmole of each), 1ui of 20 mM ATP and 900 units of T4 DNA ligase (Takara Shuzo) were added to the 
reaction mixture. The resultant mixture was incubated at 15* C for 30 minutes to give the crude 27bp DNA 
fragment. 

On the other hand, pCLaHtrp3t (an experssion vector for a-hANP, the preparation of which is described 
in European Patent Application Laid open No. 0206769) was digested with Bam Hl and HintfliL The resulting 
4137 bp DNA fragment was isolated by 0.8% agarose gel electrophoresis, and ligated to the crude 27 bp 
DNA fragment in the presence of T4 DNA ligase. The ligation mixture was used to transform E. coli DH-1 
[Cf. Maniatis, T. et ah, Molecular cloning p.505 (1 982), Cold Spring Harbor Laboratry (New York)]. From one 
of the ampicillin resistant transformants, the desired plasmid pHVBB (4164bp) was isolated and character- 
ized by restriction endonuclease (Bglll, Eco RV, Pstl, Hindlll and Bam Hl) digestion. 

Example 3 (Construction and cloning of plasmid pCLiPAxtrp) 
(as illustrated in Fig. 2) 

pHVBB was digested with Bgl ll. The resulting 4164 linear DNA was incubated with bacterial alkaline 
phosphatase (Takara Shuzo) in 200 mM Tris-HCI (pH 8.0) at 37 °C for 1 hour to dephosphorylate the both 
5' ends of the DNA. The resulting DNA was isolated by 5% polyacrylamide gel electrophoresis (PAGE). 

On the other hand. pTPA 102 (Lys 277 — He) [an expression vector for a mutant t-PA (Lys 277 He), a 
transformant comprising the same. E. coli JA 221 (pTPA 102 (Lys 277 — He) ATCC 39811] was digested with 
Bgll l and the 1974bp DNA fragment (DNA sequence of which is shown in Fig. 3) was isolated. The fragment 
was ligated to the 4164 bp Bglll DNA fragment in the presence of T4 DNA ligase. After transformation of 
E.coli MM294 ATCC 33625, an ampicillin resistant transformant carrying the desired plasmid pCUPAxtrp 
(6138 bp), into which the 1974 bp t-PA gene was inserted in a clockwise direction under the down stream of 
the peptide CLa gene. was : obtained. pCLiPAxtrp was characterized by restriction endonuclease (Pvu ll, 
EcoRI and Bglll) digestion. 
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Example 4 (Construction and cloning of plasmid pCLiPAAxtrp) 
(as illustrated in Fig. 4) 

pCLiPAxtrp was digested with Bam HI and Sad and the resultant 5388 bp DNA fragment was isolated. 
5 On the other hand. pCLiPAxtrp was digested with Sau3AI and Sacl. The resultant 389 bp DNA fragment was 
ligated to the 5388 bp DNA fragment in the presence of T4 DNA ligase. The ligation mixture was used to 
transform ^coli DH-1. From one of the ampicillin resistant transform ants, the desired plasmid pCLiPAAxtrp 
(5777 bp) was isolated and was characterized by restriction endonuclease (Clal^coRI. Xho l. Narl and Sacl) 
digestion. 



Example 5 (Construction and cloning of plasmid pTQiPAAtrp) 
(as illustrated in Fig. 5) 

75 pTPA102 (Lys 277 lie) as mentioned above was digested with Ava il and Bbe l. an isoshizomer of Nar l 
creating 4 nucleotide-long single-stranded cohesive terminal, and the resulting 50 bp DNA fragment 
encoding Asp 95 - Ala 111 of the native t-PA was isolated. On the other hand, the synthetic 19 bp Clal - Ava il 
DNA fragment was prepared from HP23, HP24, HP25 and HP26(see:Example 1) using T4 polynucleotide 
kinase and T4 DNA ligase. It was ligated to the 50 bp DNA fragment with T4 DNA ligase to construct the 69 

20 bp Clal - Bbe l DNA fragment 

pCLiPAAxtrp was tinearlized by Bbe l partial digestion. The resultant 5777 bp DNA fragment was 
digested with Clal and the 5149 bp DNA fragment was isolated, ft was ligated to the 69 bp Cla l - Bbe l DNA 
fragment in the presence of T4 DNA ligase. The ligation mixture was used to transform E. coti DH-1. From 
one of the ampicillin resistant transformants. the desired plasmid pTQiPAAtrp (5218 bp) was obtained. 

25 which was characterized by restriction endonuclease digestion. 

E. coli HB101-16 [HB101 (recA\ supE* . htpR16(am) , tet r ) FERM P-9502] was transformed with 
pTQiPAAtrp to give a transform ant, E. coli HB101-16 (pTQiPAAtrp). 



30 Example 6 (Construction and cloning of plasmid pTA9004> 
(as illustrated in Fig. 6) 

pCLiPAAxtrp was digested with Dde l and Eco RI and the 91 bp DNA fragment encoding: Glu 1 75 Trp 204 
of the native t-PA was isolated. The resultant DNA was ligated to oligodeoxy ribonucleotides HP31 and 
35 HP32(see:Example 1 -(3)) using T4 polynucleotide kinase and T4 DNA ligase. The resultant 103 bpClal - 
Eco RI DNA fragment was ligated to the 4397 bp Cla l - EcoR I fragment of pCLiPAAxtrp in the presence of 
T4 DNA ligase. The ligation mixture was used to transform E. coli DH-1. Erom one of the ampicillin resistant 
transformants, the desired plasmid pTA9004 (4500 bp) was obtained. 

40 

Example 7 (Construction and cloning of plasmid pTTkPAAtrp) 
(as illustrated in Fig. 7) 

pTA9004 was digested with Eco RI and the resultant DNA fragment (4500 bp) was dephosphorylated 
45 with bacterial alkaline phosphatase. On the other hand. pTPA21 which comprises the complete cDNA 
sequence encoding the native t-PA and a portion of the 3 -noncoding region was digested with Eco RI and 
the 472 bp DNA fragment encoding Asn 20S - Lys 361 of the native t-PA (DNA sequence of which is shown in 
Fig. 8) was isolated. The resultant DNA fragment was ligated to the dephosphorylated 4500 bp EcoRI DNA 
fragment in the presence of T4 DNA ligase. The Bgation mixture was used to transform E. coli DH-1- From 
so one of the ampicillin resistant transformants. the desired plasmid pTTkPAAtrp (4972 bp) was isolated. E. 
coli HB 101-16 was transformed with pTTkPAAtrp to give a transform ant E. coli HB101-16 (pTTkPAAtrp). 



Example 8 (Construction and cloning of plasmid pTTiPAAtrp) 
55 (as illustrated in Fig. 9) 

pTA9004 was digested with Eco RI and the resultant DNA was dephosphorylated with bacterial alkaline 
phosphatase. On the other hand, pTPA 102 (Lys 277 — He) as mentioned above was digested with Eco RI 
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and the 472 bp DNA fragment encoding Asn 205 - Lys 361 of the mutant t-PA (Lys 277 — He) was isolated. The 
resultant DNA fragment was ligated to the dephosphory fated 4500 bp EcoRI DNA fragment in the presence 
of T4 DNA ligase. The ligation mixture was used to transform B coli DH-1 From one of the ampicillin 
resistant transformants, the desired plasmid pTTiPAAtrp (4972 bp) was isolated. E. coli HB101-16 was. 
5 transformed with pTTiPAAtrp to give a transformant E. coli HB 101-16 (pTTiPAAtrp). 

Example 9 (Expression and isolation) 

70 A single colony of E coli HB 101-16 (pTTkPAAtrp) was inoculated "in^f 5 ml of sterilized LA broth 
containing bactotrypton 10 g f "yeast extract 5 g, NaCI 5 g, 50ug/ml ampicillin (pH 72 - 7.4) in a test tube 
and incubated at 37* C for 8 hours under shaking condition. The cultured broth was added to 100 ml of 
sterilized fresh LA broth in a flask and incubated at 37* C for 15 hours under shaking condition. A portion 
(20 ml) of the resultant broth was added to 400 ml of sterilized M9CA broth containing 25ug/mf ampicillin, 

75 and the mixed broth was incubated at 37 *"C. When Agoo of the broth reached approximately 0.6. 
indoleacrylic acid was added to the broth in a final concentration of 10ag/ml. The resultant broth was 
incubated at 37 *C for 3 hours, and centrifuged at 4*C, 8, 900 x g for 10 minutes. The harvested cells were 
suspended in 100 ml of 10 mM Tris-HCI (pH 8.0) containing 5 mM EDTA, and treated with 50 mg of 
lysozyme at 4* C for 1 hour. The resultant mixture was homogenized by a Biotron blender and centrifuged 

20 at 4*C. 8, 900 x g for 30 minutes. The pellets were washed with 100 ml of 50% aqueous glycerol and 
dissolved in 800 mi of 10 mM Tris-HCI (pH 8.0) containing 8M urea. To the urea solution, 480 mg of GSH 
(Kojin) and 96 mg of GSSG (Kojin) were added. The resultant mixture was dialyzed twice against 16 liters of 
a buffer solution (pH 9.5) containing 20 mM acetic acid, 40 mM ammonia. 2 mM GSH and 0.2 mM GSSG at 
4* C for 15 hours. After centrifuging the mixture, the supernatant was assayed by the following fibrin plate 

25 assay. The fibrin plate assay (FPA) was carried out according to the method [Astrup T. and Mu Hertz S., 
Arch. Biochem. Biophys. 40 346 - 351 (1052)] with minor modification. A fibrin plate was prepared by 
mixing 5 ml of 1.2% human plasminogen-rich fibrinogen (Green - CroSs) in 100 mM phosphate buffer (pH 
7.2) with 5 mt of thrombin (Mbchida. 50 units) in the same buffer, followed by allowing to stand at room 
temperature for 1 hour, the test solution or human native t-PA (WHO standard) (10 u\ of each) were 

30 incubated at 37* C for 18 hours. Using the human native t-PA as the standard, the activities of the samples 
were calculated from the areas of the lysis zones. From the result of assay; the t-PA activity of the 
supernatant containing TTkPA was 2.3 x 10 5 IU of the native t-PA/t. 



05 Example 10 (Expression and isolation) 

A single colony of E. col[ HB 101-16 (pTTiPAAtrp) was cultured and TTitPA was isolated from the 
resultant culrtured broth in the substantially the same manner as that described in Example 9. The t-PA 
activity of the resultant supernatant containing TTitPA was 2.0 x 10* ll/of the native t-PA/l. 

Example 1 1 (Expression and isolation) 

A single colony of E. coli HB 101-16 (pTQiPAAtrp) was cultured and TQitPA was isolated from the 
45 resultant culltured broth in the substantially the same manner as that described in Example 9. The t-PA 
activity of the resultant supernatant containing TQitPA was £0 x 10 4 IU of the native t-PA/ 1 . 



Example 1 2 (Purification of TTktPA) 

50 

All procedures were performed in cold room (at 4-6*0). The plasminogen activator, TTktPA in the 
supernatant renatured was isolated and purified as follows: 

In the first step, the supernatant prepared from 20 liter of the cultured broth obtained in a similar 
manner to that described in Example 9 [TTktPA total activity: 3.4 x 10 6 IU of the native t-PA (WHO)] was 
55 loaded onto benzamidine Sepharose cojumn [1.6 cm x 3 cm : p-aminobenzamidine was linked coval ntly to 
CH Sepharose 4B (Pharmacia) by the carbodiimide method described in the literature : Las Holmberg, et 
a!.. BBA, 445. 215 - 222 (1976)] equilibrated with 0.05 M Tris-HCI (pH 8.0) containing 1M NaCI and 0.01% 
(v/v) Tween80 and then washed with the same buffer. The plasminogen activator was eluted with 0.05M 
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Tris-HCHpH 8.0) containing 1M arginine and 0.01% (vv) Tween80. 

In the next step, pooled active fractions were applied oh IgG coupled Sepharose (FTP 1163) column 
(1.6 cm x 3 cm) [monoclonal anti t-PA antibody: FTP 1163 (Tsutomu Kaizu et al.. Thrombosis Research. 40 
91 - 99 (1985) was coupled to CNBr activated Sepharose 4B according to manufacture's instructions] 
5 equilibrated with 0.1 M Tris-HCI {pH 8.0). The column was washed with 0.1 M Tris-HCI (pH 8.0) containing 
1M NaCI. 0.01% (v/v) Tween80 and Aprotinin (10 KlU/ml, Sigma). Elution was done with 0.1 M glycine-HCI 
(pH 2.5) containing 0.5 M NaCI, 0.01% Tween80 and Aprotinin (10 KlU/ml). 

In the last step, pooled active fractions obtained from the IgG Sepharoy (FTP1163) column were 
diaiyzed against 1 liter of 0.01 M phosphate buffer (pH 7.4) containing 1 £*M KSCN and 0.01 % (w) 
io Tween80. The solution diaiyzed was concentrated to about 2 ml by dialysis against solid polyethylene 
glycol 20,000. The concentrate obtained was gel-filtered on a Sephacryl S200HR (Pharmacia. 1.6 cm x 90 
cm) in 0.01 M phosphate buffer (pH 7.4) containing 1.6 M KSCN and 0.01% (v/v) Tween80. The pooled 
active, fractions were concentrated to about 10 ml by dialysis against solid polyethylene glycol 20,000 and 
the concentrate was then diaiyzed against 0.1 M ammonium bicarbonate containing 0.15 M NaCI and 0.01% 
75 (v/v) Tween80 to. give dialyzate containing purified TTktPA (3.4 mg, 7.35 x,10 5 IU of the native t-PA (WHO)- 

mg* protein). ....... • 

The TTktPA purified have following characteristics. 

20 (i) Analytical SDS PAGE 

A 15% polyacrylamide gel was prepared according to the method of Laemmli (U.K. Laemmli. Nature 
(London 227. 680 - 685 (1970)). The gel was stained with silver (H.M. Poehling, et al.. Electrophoresis. 2, 
141 (1981K 

25 TTktPA thus purified migrate on the SDS-PAGE as a single, band at 35K Daltons under reducing 
condition and 32K Daltons under nonreducing condition, whereas? material incubated with plasmin 
Sepharose (Per Wallin, et al., BBA, 719 , 318 - 328 (1982)) yielded two bands at 30K Daltons (protease 
domain) and 1 3.5K Daltons (kringle domain) in the presence of reducing agent and only one band at 32K 
Daltons in the absence of reducing agent. 

30 

(ii) HPLC 

TTktPA purified was applied to a (4.6 mm x 75 mm) ultrapore RPSC column (Beckman, USA). Elution 
35 was performed with a linear gradient of acetonitrile (10 - 60% (vv) in 0.1% (v/v) trifluoroacetic acid at a flow 
rate of 1 .0 rril/min over 30 minutes. 

In this system, TTktPA was eluted as single major species at-*an acetonitrile concentration of 
approximately 36.5% (v/v). 

40 

(iii) N-terminal sequence analysis 

Purified single chain TTktPA was reduced and carboxymethylated. desalted on HPLC (Ultrapore RPSC 
column, concentrated by Speed Vac Concentrator (Savant) and analyzed using a gas phase sequencer. 
45 model 370A (Applied Biosystem). The N-terminal' amino acid sequence of thus obtained TTktPA was as 
follows. 

SerGluGlyAsn - 

- * 

so 

Example 1 3 (Construction and cloning of plasmid pTQkPAAtrp) 
(as illustrated in Fig. 10) 

The plasmid pTCHPAAtrp was digested with Eco RI. The reaction mixtur was dephosphorylated with 
55 bacterial alkaline phosphatase and the resultant 4744 bp DNA fragment was isolated. On the other hand, the 
plasmid pTPA 21 was digested with Eco RI and the resultant 472 bp DNA fragment was isolated. The 472 
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bp DNA fragment was ligated to the 4744bp DNA fragment in the presence of T4 DNA ligase and the 
ligation mixture was used to transform E. coli DH-1 . From one of the transformants resistant to ampicillin, 
the desired piasmid pTQkPAAtrp was isolated and characterized by restriction mapping. EL coli HB101-16 
was transformed with the piasmid pTQkPAAtrp to give a transformant E. coli HB101-16 (pTQkPAAtrp). 



Example 14 (Synthesis of oligonucleotides) 

The following oligonucleatides were prepared in a conventional manner described as mentioned above. 

1) Linkage sequence for pSTTktrp and pSTQktrp 

( Dde l) (EcoRV) (StuI) * 

266 270 - 275 

LeuArgGlnTyrSerGlnProGlnPheAspIleLysGlyGly 

|^ _ SKI (40mer) ^ 

TGAGACAGTACAGCCAGCCACAGTTTGATATCAAAGGAGG 
CTGTCATGTCGGTCGGTGTCAAACTATAGTTTCCTCC 
SK2 (37mer) | 



2) Linkage sequence for pSTQitrp 

(Ddel) ( EcoR V) (StuI) 

266 270 275 

LeuArgGlnTyrSerGlnProGlnPheAspIlelleGlyGly 

Y ; HPS 6 (40mer) ^ | 

TGAGACAGTACAGCCAGCCACAGTTTGATATCATAGGAGG 
C TGTC ATGTC GGTC GGTGTC AAACTATAGTATC CTC G 
^ _HP5 7 ( 3 7mer ) 

3) Linkage sequence for ptlxTTtrp 

( Dde l) ( Bgl ll) ( Stu I) 

266 275 
LeuArgGlnTyrSerGlnProIleProArgSerGlyGly 



HP60 (37mer) 



TGAGACAGTACAGCCAGCCAATTCCTAGATCTGGAGG 
CTGTCATGTCGGTCGGTTAAGGATCTAGACCTGC 
|^ HP61 (34mer) ^| 
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10 



15 



20 



25 



30 



4) Linkage sequence for puTTtrp 
( Dde l) (SacII) 
266 275 
LeuArgGlnThrLeuArgProArgPheLys 
HPS 8 (29mer) " ' -4 x 



TGAGACAGACTCTGCGTCCGCGGTTCAAA 
CTGTCTGAGACGCAGGCGCCAAGTTT 
^ HP59 (26mer) J 



Numbers above the amino acids refer to the positions of the native t-PA reported by Pennica et al - 
(Nature 301 214-221, 1983). 

Example 15 (Construction and cloning of plasmid pMH9003) 
(as illustrated Fig. 1 1 ). 

The plasmid pTA9004 was digested with EcoRI and Stu l, and the resultant 4329 bp DNA fragment was 
isolated. The DNA fragment was ligated to the synthetic oligodeoxyribonuclebtides SK1 and SK2 using T4 
polynucleotide kinase and T4 DNA Hgase. The reaction mixture was treated with Eco RI to reconstruct the 
cohesive end digested with EcoRI. arid the resultant EcoRI-Ddel DNA fragment (4367 bp) was ligated to the 
184 bp EcoRI-Ddel DNA fragment coding Asn 205 - Leu 265 of the native t-PA which was obtained from the 
plasmid pCLiPAAxtrp in the presence of T4 DNA figase. The ligation mixture was used to transform E. coli 
DH-1 . From one of the transform ants resistant to ampicillin, the desired plasmid pMH9003 was isolated and 
characterized by restriction endonuclease digestion. 



Example 16 (Construction and cloning of plasmid pSTTktrp) 
(as illustrated in Fig. 12) 

The plasmid pMH9003 was digested with Stu l and the resulting DNA . fragment (4551 bp) was 
dephosphoryiated with calf intestinal phosphatase ( Pharmacia AB). On the other hand.the plasmid 
pCLiPAAxtrp was digested with Stu l and the resultant 419bp DNA fragment coding for Qly 279 - Ala 419 of the 
native t-PA was isolated. The resultant DNA fragment was ligated to the 4551 bp Stul DNA fragment in the 
presence of T4 DNA Jigase. The ligation mixture was used to tran sfo r m E. coli DH-1;. From one of the 
transform ants resistant to ampicillin. the desired plasmid pSTTktrp was isolated and characterized by 
restriction endonuclease digestion. E. coli HB101-16 was transformed with the plasmid pSTTktrp to give a 
transformant. E. coli HB101-16 (pSTTktrp). 

Example 17 (Construction and cloning of plasmid pZY) 
(as illustrated in Fig. 13) 

The plasmid pTQiPAAtrp was digested with EcoR I and Stu l. and the resultant 4575 bp DNA fragment 
was isolated. The DNA fragment was ligated to the synthetic oligodeoxyribonucleotides HP56 and HP57 
using T4 polynucleotide kinas and T4 DNA Hgase. The reaction mixture was treated with Eco RI to 
reconstruct the cohesive end digested with Eco RI. and the resultant toEcoRI-Ddel DNA fragment (461 3bp) 
was ligated to the 184 bp Eco RI- Dde l DNA coding for Asn 205 - L u 256 of the native t-PA which was 
prepared from the plasmid pCIJPAAtrp in the presence of T4 DNA ligase. 

The ligation mixture was used to transform E. coli DH-1. From one of the transform ants resistant to 
ampicillin, the desir d plasmid pZY was isolated and charact rized by restriction mapping. 
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Example 18 (Construction and cloning of plasmid pSTQitrp) 
(as shown in Fig. 14) 

The plasmid pZY was digested with Stul and the resulting DNA fragment (4797bp) was dephosphorylat- 
s ed with calf intestinal phosphatase. On the other hand, the plasmid pCLiPAAxtrp was digested with Stu l and 
the resultant 419 bp DNA fragment coding for Gly 279 - Ala 419 of the native t-PA was isolated. The 419 DNA 
fragment was ligated to the 4797 bp DNA fragment in the presence of T4 DNA ligase. The ligation mixture 
was used to transform E. coli DH-1. From one of the transformants resistant to ampiciliin, the desired 
plasmid pSTQitrp was isolated and characterized by restriction mapping. E. coli HB1 01-16 was transformed 
70 with the plasmid pSTQitrp to give a transformant E. coli HB101-16 (pSTQitrp^ 

Example 19 (Construction and cloning of plasmid pSTQktrp) 
(as illustrated in Fig. 15) 

75 

The plasmid pSTTktrp was digested with Clal and EcoRV and the resultant 4656 bp DNA fragment was 
isolated. On the other -hand, the plasmid pSTQitrp was digested with Clal and Eco RV, and the 560 bp DNA 
fragment coding for Cys* - Asp 184 of STQitPA was isolated. The resulting DNA fragment was ligated to the 
4656 bp DNA fragment in the presence of T4 DNA ligase. The ligation mixture was used to transform E. coM 
20 DH-1 . 

From one of the transformants resistant to ampiciliin, the desired plasmid pSTQktrp was isolated and 
characterized by restriction mapping. E. coli HB101-16 was transformed with pSTQktrp to give a transfor- 
mant HB1 01-1 6 (pSTQktrp). 

25 

Example 20 (Construction and cloning of plasmid pMH9006) 
(as illustrated in Fig. 16) 

The plasmid pTA9004 was digested with Stul and EcoRI, and the resultant 4329 bp DNA fragment was 
30 isolated. The DNA fragment was ligated to synthetic oligodeoxyribonucleotides HP60 and HP61 using T4 
. polynucleotide kinase and T4 DNA ligase. The ligation mixture was digested with EcoRI to regenerate the 
cohesive end digested with Eco RI, and the resultant EcoRhDdje! DNA fragment (4364bp) was ligated to the 
164 bp EcoRI-Ddel DNA fragment coding for Asn 20S - Leu* 66 of the native t-PA which was prepared from 
the plasmid pCLiPAAxtrp. The ligation mixture was based to ; transform E. coli DH-1. From one of the 
35 transformants resistant to . ampiciinn, the desired plasmid pMH9006 was isolated and characterized by 
restriction mapping. 

Example 21 (Construction and cloning of pthTTtrp) "* 
40 (as illustrated in Fig. 17) 

The plasmid pMH9006 was digested with Stu l and the resultant linearized DNA fragment (4548 bp) was 
dephosphorylated with calf intestinal phosphatase. On the other hand, the plasmid pCLiPAAxtrp was 
digested with Stul and the 419 bp DNA fragment encoding Gly 279 - Ala*' 9 of the native t-PA was isolated. 
45 The resultant DNA fragment was ligated to thd 4548 bp DNA fragment in the presence of T4 DNA ligase. 
The ligation mixture was used to transform E. coli DH-1. 

From one of the transformants resistant to ampiciliin, the desired plasmid pthTTtrp was isolated and 
characterized by restriction mapping. E. coli HB101-16 was transformed with the plasmid pthTTtrp to give 
an transformant E. coli HB1 01-16 (pthTTtrp) 



Example 22 (Construction and cloning of plasmid pMH9007) 
(as illustrated in Fig. 18) 

55 The plasmid pMH9003 was digested with Eco RI and EcoRV, and the 4340 bp DNA fragment was 
isolated. The resultant DNA fragment was ligated to the synthetic oligodeoxyribonucleotides HP58 and 
HP59 by using T4 polynucleotide kinase and T4 DNA ligase. The ligation mixture was treated with Eco RI to 
regenerate the cohesive terminal digested with Eco RI. 
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The resultant DNA fragment (4367 bp) was ligated to the 184 bp EcoRI-Odel DNA fragment obtained " 
from the plasmid pCLiPAAxtrp in the presence of T4DNA ligase. The ligation mixture was used to transform 
E. coli PH-1. 

From one of the transformants resistant to ampiciliin, the desired plasmid pMH9007 was isolated and 
characterized by restriction mapping. 

Example 23 (Construction and cloning of plasmid puTTtrp) 



(as illustrated in Fig. 19) 

The plasmid pMH9007 was digested with Stul and the resultant linearized DNA fragment (4551 bp) was 
dephosphorylated with calf intestinal phosphatase. ; On the other hand, the plasmid pCLiPAAxtrp was 
digested with Stu l and the resultant 419 bp DNA fragment was isolated. The 41 9 bp DNA fragment was 
ligated with the 4551 bp DNA fragment in the presence of T4 DNA ligase. The ligation mixture was used to 
transform Ecoli DH-1. 

From one of the transformants resistance to ampiciliin, the desired plasmid puTTtrp was isolated and 
characterized by restriction mapping. E. coli HB101-16 was transformed with the plasmid puTTtrp to give a 
transformant E. coli HB101-16 (puTTtrp). 



Example 24 (Expression and isolation) 

E. con HB101-16 (pTQkPAAtrp) was cultured and TQktPA was isolated from the resultant cultured broth 
in substantially the same manner as described in Example 9. The t-PA activity of the resultant supernatant 
containing TQktPA was 7.7 x 10* IU of the native t-PA/t. 



Example 25 (Expression and isolation) 

E. cc£ HB101-16 (pSTTktrp) ,E coliHB101-16(pSTQktrp), E. coO HB101-l6(pSTQitrp), E. coli HB101-16 
(pthTTtrp) and E. coli HB101-16 (puTTtrp) were used for the expression of new t-PAs. Cultivation of the 
bacteria was carried out in substantially the same manner as that described in Example 9. The cell pellets 
obtained from the resultant cultured broth (200 ml) were suspended in 20 ml of 10 mM phosphate buffered 
saline (pH 8.0) and sonicated at 4* C for 1 minute. After centrifugation at 15.000 rpm for 20 minutes at 4* C. 
the resultant pellets were suspended in 20ml of Triton X-100 solution (0.5% Triton X-1001 8% sucrose, 
50mM EDTA. 10mM Tris * HCI, pH 8.0) and sonicated at 4*C for 1 minute. The suspension was 
centrifuged at 15,000 rpm for 20 minute. The resultant pellets were washed with 20 ml of 50 % aqueous 
glycerol and 20 ml of ice-cold ethanol, successively, and dissolved in 20 ml of 8M urea solution containing 
8M urea. 20 mM acetic acid. 40m M ammonium hydroxide, 0.4 mM cysteine and 0.04mM cystine. pH9.5) by 
sonication. 

After centrifugation at 15.000 rpm for 20 minutes, the supernatant was diluted to A280 = 0.1 (absorbance 
at 280nm) with the 8M urea solution. The resultant solution was dialysed against 10 times volume of 
aqueous solution containing 20 mM acetic acid. 40mM ammonium hydroxide. 0.4mM cysteine and 0.04mM 
cystine (pH 9.5) at room temperature for hours, fn the above procedure, each of the dialysates containing 
the new t-PAs . STTktPA, STQktPA, STQitPA, thTTtPA or uTTtPA was obatined from the cultured broth of 
E. coli HB101-16(pSTTktrp). E. coli HB101-16(pSTQktrp). E. coli HB101-16(pSTQitrp), E. coli HB101-16- 
(pthTTtrp) or E. coli HB101-16(puTTtrp), respectively. Each of the resultant dialysates was subjected to th 
fibrin plate assay as described in Example 9. respectively. The results are shown in the following table. 
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New t-PA 
contained in the 
dialysat 


Activity (IU of 
the native 
t-PA/ 1 ) 


STTktPA 

STQktPA 

STQitPA 

thTTtPA 

uTTtPA 


1.1 x 10 5 
2.3 x 10* 
2.3x10* 
3.7 x 10* 
not detected ") 



*)uTTtPA may be a proenzyme like pro-urdRliase. Although it was 
inactive by fibrin plate assay, it was produced in a ratio of 29 ug/ 1 
of the cultured broth as analysed by enzyme immunoassay. 



is . 

Example 26 (Determination of molecular weights of new tPAs) 

Molecular weights of the new t-PAs as produced in the above Examples were determined by SDS- 
20 PAGE analysis using marker proteins(94 1 000, 67,000, 45,000, 30,000, 14,400 daltons). The results are 
shown in the following table. 

Molecular weights of the new t-PAs as produced in the above Examples were determined by SDS- 
PAGE analysis using marker proteins(94,000, 67,000, 45,000, 30,000, 14,400 daltons). The results are 
shown in the following table. 



25 





The new 
t-PAs 


molecular weijght(dalton) 




TTktPA 


approximately 38,000 


30 


TTitPA 


approximately 38,000 




TQitPA 


approximately 45,000 




TQktPA 


approximately 45,000 




STTktPA 


approximately 38,000 




STQktPA 


approximately 45,000 


35 


STQitPA 


approximately 45,000 




thTTtPA 


approximately 38,000 




uTTtPA 


approximately 38,000 



40 

Example 27 (Identification of DNA sequence) 



Expression vectors were characterized and identified by restriction mapping followed by partial DNA 
sequencing by the dideoxyribonucleotide chain termination method [Smith, A.J.H. Meth. Enzym. 65, 560- 
580 (1980)3 applied to double strand DNA. 

The piasmid pTTkPAAtrp (2ug in 16 ul of 10 mM Tris- HCI (pH 7.4)-1 mM EDTA) was treated with 
2MM EDTA (2 ul) and 2N NaOH (2 ul) at room temperature for 5 minutes. To the resultant mixture, 5M 
ammonium acetate (8 ul) and.EtOH (100 ul) was added. The mixture was cooled at -80* C for 30 minutes 
and centrifuged at 12,000 rpm for 5 minutes. After discarding the supernatant, precipitates were washed 
with ice-cold 70 % aqueous EtOH and dried in vacuo to give the denatured piasmid. 

The piasmid was annealed with a synthetic oligodeoxyribonucleotide primer (5-ATATTCTGAAAT- 
GAGCTGT, corresponding to -55— 37th position of the tryptophan promoter, 5 ng) in 40 mM Tris* HCI (pH 
7.5)-20mM MgCfe -50mM NaCI at 65* C for 15 minutes followed by gently cooling to room temperature in 
30 minutes. The sequencing r action was performed with T7 polymerase (Sequenase, United States 
Biochemical Corp) and -^S-dATP (Amersham) according to Tabor. S and Richardson, CCProc. Natl. 
Acad. Sci. U.S.A. 84, 4767 - 4771 (1987). The determined sequence (approximately 150 bases from the 
primer i.e. 35 bases in the tryptophan promoter and 115 bas s in the N-terminal coding sequence of 
TTktPA) was identical with that as expected. 
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The DNA sequence of pTQkPAAtrp was performed in a similar manner as described above. 

The DNA sequences of pSTTkPAtrp. pthTTtrp and puTTtrp were performed in a similar manner as 
above except for using a synthetic oligodeoxy ribonucleotide (5-CTCCGGGCGACCTCCTGTG. complemen- 
tary to the DNA sequence for His 297 -Gly 302 of native tPA). 

5 

Example 28 (Identification of amino acid sequence) 

Purified STTktPA which was purified from the dialysate comprising STTktPT^btained in Example 25 by 
the similar purification method described in Example 12, was dissolved in 8M urea-50mM Tris'Hcl (pH 8.0)- 
1.5 % £-mercaptoethanol. and treated with monoiodoacetic acid for carboxymethylation of SH group in Cys 
residues. The resultant carboxymethy fated STTktPA was purified by preparative HPLC using COSMOSIL 
5Ca-300 (4.6 mm0 x 50 mm, Nakarai Tesque), and sequenced by a gas-phase sequencer 470A (Applied 
Biosystems Inc). The N-terminal sequence of the sample was Ser-Glu-Gly-Asn-Ser-Asp-Cys-Tyr-Phe-Gly- 
Asn-Gly-Ser-Ala-Tyr which was identical with the sequence as expected. 

Example 29 (Construction and cloning of pSTI 1 8) 
(as illustrated in Fig. 20) 

The plasmid pST112 [an expression vector for a native t-PA which can be isolated from a transformant 
comprising the same, E. coH DH-1 FERM BP-1966. the complete cDNA sequence of a native t-PA in pST 
112 is illustrated in Fig. 21] was digested with Bam HI and Sail. 

The large DNA was isolated and blunted with DNA polymerase 1 (Klenow fragment). The resultant DNA 
fragment was self-Hgated with T4 DNA ligase. The ligation mixture was used to transform E. coli HB101. 
From one of ampicillin resistant transformants, the objective piasmid pST118 was obtained and character- 
ized by restriction mapping. 

30 Example 30 (Construction and cloning of pmTQk112) 
(as illustrated in Fig.22 and 23) 

The plasmid pST118 was digested with Bg[ll and Bbe l. The large DNA fragment was isolated and 
ligated to synthetic Bglll-Avall DNAs (5 -GATCTTGCTACGAG and 5-GTCCTCGTAGCAA. each oligomer 
35 was phosphorylated with T4 polynucleatide kinase (Takara Suzo)) coding for Arg - ' Ser : Cys 92 Tyr Glu, and 
Ava ll-Bbel DNA coding for Asp 95 - Gly 110 of the native tPA from pST118 with T4 DNA ligase (Takara 
Suzo). ^ 

The ligation mixture was used to transform E.coli DH-1. From one of the ampicillin resistant transfor- 
marrts. the objective plasmid pmTQk118 was isolated and characterized by restriction mapping. 
40 On the other hand, the plasmid pST1 12 was digested with Bql ll and Xma L The large DNA fragment was 
isolated and ligated to 1253 bp Bglll- Xma t DNA coding for Arg— - Val 507 from pmTQk118 with T4 DNA 
v. ligase to give pmTQkl 12, an expression vector for mTQktPA in mammaJian cell. 



45 Example 31 (Construction and cloning of pmTTk) 
(as illustrated in Rg. 24, 25 and 26) 

pTTkPAAtrp was digested with Cla l and EcoRI completely. The large DNA fragment was isolated and 
ligated to Clal-Ddel synthetic DNAs (5 -CGATAAAATGGGTCCTAGATC and S'-TCAGATCTAGGACGCATT- 
so TTAT. each DNA was phosphorylated with T4 polynuclectide kinase) including Bglll restriction site and 
91bp Ddet - EcoRI DNA coding for Glu ,75 -Trp 20 * from pTTkPAAtrp with T4 DNA ligase to give pHS9O06. 
pTTkPAAtrp was digested with Eco RI (partial) and Apa l. The 781 bp DNA fragment was isolated and ligated 
to 4.1 kbp EcoRI-Apal DNA fragment from pHS9006 to give pHS3020 coding for Arg" 1 plus Ser 174 - Pro S27 . 
PHS3020 was digested with Bglll and Sma l. Th small DNA fragment coding for Arg" 1 plus Ser t74 - 
55 Pro 508 was isolated and ligated to the BgNI- Sma l large DNA fragment from pmTQk112 to give pmTTk. an 
expression vector for TTktPA in mammalian cell. 
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Example 32 (Construction and cloning of pmSTTk) 

(as illustrated in Rg.27 and 28) - 

pHS9006 was digested with Eco RI. The large DNA fragment was isolated, dephosphorylated with calf 
intestinal phosphatase (Pharmacia) and ligated to the 472bp Eco RI DNA coding for Asn 205 - Asp 275 - Lys 361 
from pSTTkAtrp to give pMH3025. pMH3025 was digested with BcjHI and Smal. The small DNA fragment 
was isolated and ligated to the large fragment Bglll- Sma l DNA from pmTQk112 to give pmSTTk, an 
expression vector for STTktPA in mammalian cell. 



Example 33 (Expression) 



rs Construction of L-929 Transformants 



A. Preparation of the Cells 



A culture of L-929 cell line was used in this example. L-929 cells can be generated from ATCC #CCL-1, 
and were maintained in DMEM containing kanamycin and 10% (vol/vol) fetal calf serum at 37* C In 5% 
COz. These cells were plated in a ceil density of 5 x 10 s per 10 cm petri dish on the day before 
transformation, and provided 50-60% confluency on the day transformation. The media was changed three 
25 hours before the transformation. Two 10 cm petri dishes of cells were used to each transformation. 



B. Preparation of the DNA solution 

30 Plasmid DNA was introduced into L-929 cells using a calcium phosphate technique in a similar manner 

to that described in Gorman, DNA Cloning II, 143 (1985), IRL press. 

Thirty ug of the expression plasmid (pmTQk112, pmTTk or pmSTTk) plus 3ug of plasmid pSV2neo 

ATCC No. 37149 was added to 186 ul of 2 M CaCb and 1.3 ml of water. 1.5 ml of the DNA solution was 

then added dropwise to 1.5 m! of 2 x HBS (1.63% NaCI, 1.19% Hopes, 0.04% Na 2 HPCU pH 7.12) und r 
35 bubbling. The mixture was allowed to stand 30 minutes at room temperature before it was added to the 

cells. 



C. Transfection of the cells "* 

40 

The 0.6 ml of the DNA solution was added to a 10 cm petri dish of L-929 cells with gentle agitation and 
incubated at 37 *C for 18 hours in a CO2 incubator. The cells were washed twice with DMEM. Complete 
fresh growth media containing 10% PCS was then added, and the cells were incubated at 37* C for 24 
hours in a CO2 incubator. The cells were trypsinized and subcultured 1:10 into selective medium composed 

45 of DMEM containing 300 ug/ml geneticin (G418) and 10% FCS. 

Cells which express the phosphotransferase (neo r gene product) can survive in the selective media and 
form colonies. Medium was changed every 3-4 days and colonies were isolated after 12-14 days. G418 
resistant colonies were picked up by mild trypsinization in small cylinders, grown to mass cultures and 
tested for the secretion of mutant t-PA. The cells were grown in 1 1 cm diameter muti-well plate dishes with 

50 3 ml of the medium to a total of about 3 x 10 s cells. Medium was removed and washed with PBS. Cells 
were cultured in 1 ml of inducible culture media composed of DMEM containing 0.04 mM ZnSO*. 1mM 
sodium butylate and 2% FCS at 37 "C for 24 hours and activity of mutant t-PA in the medium was 
confirmed an indirect spectrophotometric assay using the chromogenic agent S2251 [Cf. Thrombosis 
Research 31.. 427 (1983)]. 

55 coll DH-1 was transformed with the plasmid, pmTQk1l2, pmTTk or pmSTTk for the purpose of the 

deposit in a conventional manner. 

The following microorganisms shown in the above Examples have been desposited with one of the 
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INTERNATIONAL DEPOSITORY AUTHORITY ON THE BUDAPEST TREATY. Fermentation Research 
Institute, Agency of Industrial Science and Technology residing at 1-3, Higashi 1 chome. Tsukuba-shi, 
Ibaraki-ken305, Japan since July 30, October 13 and November 5. 1987 and July . 1988 ,and were 
assigned the following deposit numbers, respectively. 



w 



75 



20 



Microorganisms 



Escherichia coli 
Escherichia coli 
Escherichia coli 
Escherichia coli 
Escherichia coti 
Escherichia coli 
Escherichia coli 
Escherichia coli 
Escherichia coli 
Escherichia coli 
Escherichia coli 
Escherichia coli 
Escherichia colt 
Escherichia coli 



HB101-16 

HB101-16 (pTTkPAAtrp) 
HB101-16 (pTTiPAAtrp) 
HB101-16 (pTQiPAAtrp) 
HB1 01-16 (pTQkPAAtrp) 
HB101-16 (pSTTktrp) 
HB101-16 (pSTQitrp) 
HB101-16 (pSTQktrp) 
HB101-16 (pthTTtrp) 
HB101-16 (puTTtrp) 
DH-1(pST112) 
DH-1(pmTQk112) 
DH-1 (pmTTk) 
DH-1 (pmSTTk) 



Deposit number 



FERM 
FERM 
FERM 
FERM 
FERM 
FERM 
FERM 
FERM 
FERM 
FERM 
FERM 
FERM 
FERM 
FERM 



BP-^72 
BP-1%71 
BP-1869 
BP-1870 
BP-1521 
BP-1517 
BP-1516 
BP-1518 
BP-1562 
BP-1519 
BP-1966 
BP-1965 
BP-1967 
BP-1964 



25 



Claims 



30 



1. A tissue plasminogen activator represented by the following amino acid sequence (I) as its primary 
structure: 



35 



40 



45 



so 



55 
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180 190 
R-GluGlyAsnSerAspCysTyrPheGlyAsnGlySerAlaTyrArgGlyThrHisSer 

200 210 
LeuThrGluSerGlyAlaSerCysLeuProTrpAsnSerMetlleLeuIleGlyLysVal 

220 230 
TyrThrAlaGlnAsnProSerAlaGlnAlaLeuGlyLeuGlyL^HisAsnTyrCysArg 

240 250 
AsnProAspGlyAspAlaliysProTrpCysHisValljeuLysAsnArgArgXjeuThrTrp 

260 270 

GluTyrCysAspValProSerCysSerThrCysGlyLeuArgGln — : Y 

277 280 290 



^X-GlyGlyLeuPheAlaAspIleAlaSerHisProTrpGlnAlaAlalle 

300 310 
PheAlaLysHisArgArgSerProGlyGluArgPheLeuCysGlyGlyllel/euIleSer 

320 330 
SerCysTrpIleLeuSerAlaAlaHisCysPheGlnGluArgPheProProHisHisLeu 

340 350 
ThrVallleLeuGlyArgThrTyrArgValValProGluGluGluGluGlnLysPheGlu 

360 370 
ValGluIiysTyrlleValHlsLysGliiPheAspAspAspThrTyrAspAsnAspIleAla 

380 390 
LeuLeuGlnLeuLysSerAspSerSerArgCysAlaGlnGluSerSerValValArgThr 

400 410 
ValCysLeuProProAlaAspLeuGliiLetiProAspTrpThrGluCysGluIieuSerGly 

420 - 430 

TyrGlyLysHisGlviAlalieuSerProPheTyrSerGlaiArgLeTxLysGltiAlaHisVal 

440 450 
ArgLeuTyrProSerSerAxgCysThrSerGlnHisLetaL-eixAsiiArgThrValThrAsp 
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460 470 
AsnMetl/euCysAlaGlyAspThrArgSerGlyGlyProGlnAlaAsnLeuHlsAspAla 

480 490 

CysGlnGlyAspSerGlyGlyProLeuValCysLeuAsnAspGlyArgMetThrLeuVal 

500 - - 510 

GlyllelleSerTrpGlyLeuGlyCysGlyGlnLysAspValProGlyValTyrThrLys 

520 527 
ValThrAsnTyrLeuAspTrpIleArgAspAsnMetArgPro 

92 100 
wherein R is Ser- or CysTyrGluAspGlnGlylleSerTyrArgGlyThrTrp 

110 120 

SerThrAlaGluSerGlyAlaGluCysThrAsnTrpAsnSerSerAlaLeuAlaGlnLys 

130 140 

ProTyrSerGlyArgArgProAspAlalleArgLeuGlyLeuGlyAsnHisAsnTyrCys 

150 160 

ArgAsnProAspArgAspSerLysProTrpCysTyrValPhetysAlaGlyLysTyrSer 

170 174 
Ser GluPheCy s S erThrProAl aCy s S er- 

X is -Lys-. -lie- or bond and 

Y is -TyrSerGlnProGInPheArglle-. -TyrSerGlnProGlnPheAspHe-. -TyrSerGlnProIleProArgSer- or - 
ThrLeuArgProArgPheLyslle-, and 

in the above amino acid sequence, Asn' 84 , Asn 218 and Asn* 48 rriay be glycosylated. 

2. The tissue plasminogen activator of claim 1 , which is not glycosylated. 

3. The tissue plasminogen activator of claim 1, in which R is Ser-, X is -Lys- and Y is - 
TyrSerGlnProGlnPheAspHe-. 

4. The tissue plasminogen activator of claim 2. in which R is Ser-. X is -Lys- and Y is - 
TyrSerGlnProGlnPheAspHe-. 

5. A DNA encoding amino acid sequence (I) as defined in claim 1 . 

6. A recombinant vector comprising DNA encoding amino acid sequence (I) as defined in claim 1. 

7. A transformant comprising expression vector of DNA sequence encoding amino acid sequence (I) as 
defined in claim 1 . 

8. A process for the production of tissue plasminogen activator fo claim 1 which comprises, culturing a 
host cell transformed with an expression vector comprising DNA encoding an amino acid sequence (t) as 
defined in claim 1 in a nutrient medium, and recovering the resultant t-PA from the cultured broth. 

9. A pharmaceutical composition comprising tissue plasminogen activator of claim 1 and pharmaceuti- 
cally acceptable carrier(s). 

1 0. A finger and growth factor domains lacking tissue plasminogen activator essentially free from other 
proteins of human and animal origin. 

11. A finger and growth factor domains lacking tissue plasminogen activator without glycosylation. 

12. A tissue plasminogen activator, essentially consisting of kringl 2 domain of the heavy chain and the 
light chain corresponding to those of nativ human tissue plasminogen activator and essentially free of other 
proteins of human and animal origin. 
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13. A tissue plasminogen activator, essentially consisting of kringle 2 domain of the heavy chain and the 
light chain corresponding to those of native human tissue plasminogen activator without glycosylation. 

14. The tissue plasminogen activator of claim 13, in which arginine residue at 275 position of the native 
human tissue plasminogen acitivator is replaced by aspartic acid residue. 

5 
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Fig. 1 Construction and cloning or plasmid pHVBB 



Synthetic tip Clal _ . , — 
promoter HI V L <s**P*** ^ sene 



gene 




•Hind H ^ 

CT-hANP gene 
BamHI 

synthetic fd phage terminator gene 
Sail 



pCLaHtxp3t 



-digestion with BamHI and Hind. BE 

-ligation with DNA fragment (27bp) 

- transformation of E. coli DH-1 and cultivation 

-isolation of plasmid pHVBB 



Synthetic trp 
promoter H 
gene 



Clal 




■Peptide CLa gene 



•Hind HI 



Bgll 

BamHI 

synthetic fd phage terminator gene 
Sail 



pHVBB 
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Fig. 2 Construction and cloning of plasmid pCLiPAxtrp 



CLal 




pHVBB 



-Hind II 
Bgl I 
■BanHI 



Sail 



Bgl I 

^mutant t-PA gene 
and^f' — noncoding 
region 

'Bgl I 
PTPA102 CLys277 > lie) 




-digestion with. Bgl II 
and dephosphorylation 



— digestion with Bgl ! 

— isolation of 1974bP 
DNA fragment 



ligation 

— transformation of E. coli KH294 
and cultivation 

isolation of plasinid pCLiPAxtrp 




synthetic f d phage terminator gene 
pCLiPAxtrp 
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?ig. 3- (l)DNA sequence of Bgl TL DMA f2ra.g1r.ent ( 19 7 4h>p ) 



• .pBgl.il) 

Ctoding chainiS'^GATCTTACCAAGTGATCTGCAGAGATGAAAAAACGCAGATGATArACCAG 

.SerTyrGl n Yal 1 1 eCys Ar^AspGI oLysThrGl nMe fc II eTyrGl n 
Mutant fc-PA : 10 

CAACATCAGTCATGGCTGCGCCCTGTGCTCAGAAGCAACCGGGTGGAATATTGCTGGTGC 
GlnHisGlnSerTrpLeuArsProValI.etiAr^SerAsnArsVa.lGIuTyTCysTrpCys 
•20 _ ' • ..- 30 • - . 

• • . - — 

A ACAGTGGCAGGGC ACAGTGCC ACTCAGTGCCTGTCA AAAGTTGCAGCG AGCCAA GGTGT 
As nS erG 1 yArsA 1 aG I nCys Hi sSerYa 1 Pro Yal Lys S er CysS erG 1 nPraArsCys 
•40 ' • ' 5Q • 

• * 

■ TTCAACGGGGGC ACCTGCCAGCAGGCCCTGTACTTCTCAGATTTGGTGTGCC XGTGCCCC 

PheAsnGIyGlyThrCysGlnGlnAlaLeuTyrPheSerAsBPheYalCysGlnCysPro 
60 " ' . 70 

• " ' (Avail) 

G«.AGGATTTGCTGGGAAGTGCTGTGAAATAGATACCAGGGCCACGTG*CTACGAGGACCAG- 
. G 1 UG lyPh eAl aG 1 yLys CysCys Gl u 1 1 e AspThr ArsA 1 aThrCysTyrGl v& sp Gl n 
•80 ' ■ ' • 90 .... •" 

• " " . fflbei) 

cGGCATCAGCTACAGGGGCACGTGGAGCACAGCGGAGAGTGGCGCCGAGTGCACCAACTGG 
. G 1 y 1 1 eS er Tyr ArsG i yThrTrp S e rThr A I aG 1 uS er G 1 yAl aG 1 uCy s Thr AsnTrp 
100- • * 110 • • ' 

AACAGCAGCGCGTTGGCCCAGAAGCCCTACAGCGGGCGCAGGCCAGACGCCATCAGGCTG 
AsnSerSerAl aLeuAl aGl nLysProTyrSerGlyAr§ArsProAsp Al al 1 eArgLeu ' 

120 . •" * 130 / 

GGCCTGGGGAACCACAACTACTGCAGAAACCCAGATCGAGACTCAAAGCCCTGGTGCTAC 
GlyLeaGlyAsnHisAsnTyrCysArsAsnProAspAr^AspSerI.ysPrQTrpCysTvr 

140 . ; • " 150 

" (Ddel) 
GTCTTTAAGGCGGGGAAGTACAGCTCAGAGTTCTGCAGCACCCCTGCCTGCtCTGAGGGA 
YalPh eLys Al aG 1 yLys Tyr S erS erG 1 uPh eCysS erThrProA 1 aCy s S er Gl uG 1 y 

160 . * • * 170 

AACAGTGACTGCTACTTTGGGAATGGGTCAGCCTACCGTGGCACGCACAGCCTCACCGAG 
As n S er AspCysTyrPh eG 1 yAsnG 1 yS er A 1 aTyr Ar sG I yTh rH I s 5 erLeuThrG 1 u 
180 190 
." ' (EcoKE) 

TCGGGTGCCTCCTGCCTCCCGTGGAATTCCATGATCCTGATAGGCAAGGTTTACACAGCA- 
SerGlyAlaSerCysLsuProTrpAsnSerMetlleLeuI leGlyLysYalTyrThrAla 
200 210 

CAGAACCCCAGTGCCCAGGCACTGGGCCTGGGCAAACATAATTACTGCCGGAATCCTGAT 
GlnAsnProSerAlaGl nAlaLeuGlyLeuGlyLysHisAsnTyrCysAr^AsaPraAsp 
220 230 
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Fig. 3-C2) 



GGGGATGCCAAGCCCTGGTGCCACGTGCTGAAGAACCGCAGGCTGACGTGGGAGTACTGT 
Gl yAspAl al^ysProTrpCysKi sValLeaLysAsnAr^A^sLeuThrTrpGl uTyrCys 

gatgtgccctcctgctccacctgcggcctgagacagtacagccJgcctcagtttcgcatc 

AspValProSerCysSerThrCysGlyLeuArsGlnTyrSerGlnProGInPheArsI le 
260 270 

ATAGGAGGCCTCTTCGCCGACATCGCCTCCCACCCCTGGCAGGCTGCCATCTTTGCCAAG 
_IJ_eGlyGl yLeuPheAl aAsp 1 1 eAl aSerHisProTrpGI nAl aAl al 1 ePheAl a£ys 
280 290 

CACAGGAGGTCGCGCGGAGAGCGGTTCCTGTGCGGGGGCATACTCATCAGCTCCTGCTGG 

HisArffArg-SerProGIyGluAr^PheLeuCysGIyGlyll eLeuI leSerSerCysTrTs 
300 310 

ATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCCCACCACCTGACGGTGATC 
I leLeuSerAlaAl aHisCysPheGI nGIuArgrPheProProHi sHi sLeuThrYal 1 1 ~ 
320 330 

TTGGGCAGAACATACCGGGTGGTCCCTGGCGAGGAGGAGCAGAAATTTGAAGTCGAAAAA 
LeuG 1 /ArgThrTrrAr^Va 1 YalProGlyGIuGl uGl uG 1 nLysPh eG 1 uYa 1 GluLys 
340 350 

(EcoRI) " - 

TACATTGTCCATAAGGAATTCGATGATGACACTTACGAGAATGACATTGCGCTGCTGCAG 

Tyr 1 1 eYalHi sLysG 1 uPheAsp Asp AspThrTyr Asp As n As *d 1 1 eAl aXeuLetiGl n 
360 370 

CTGAAATCGGATTCGTCGCGGTGTGCCCAGGAGAGCAGCGfGCTCCGCACTGTGTGCCTT 

* LeuLysSerA^pSerSerAr^CysAIaGlnGluSerSerYalValAr^ThrYalCysLeii 
380* • ■ • «... 390- - - - • 

* - « (SacI) : . 

CCCCCGGCGGACCTGCAGCTGCCGGACTGGACGGAGTGTGAGCTCTCCGGCTACGGCAAG 
ProProAIaAsnpLeuGlnLeuPr^ 

400 * • 410 ~. - . 

CATGAGGCCTTGTCTCCTTTCTATTCGG^ 

HisGltxAlaLeuSerPraPheTyrSerGluA^^^ 

420 • - 430 * - • 

CCATCCAGCCGCTGCACATCACAACATTTACTTAACAGAACAGTCACCGACAACATGCXG 

ProSerSerAr^CysThrSerGlnHisLeuJLeuAsiiAr^ThrYalThrAsnAsnHetLeu- 
440 450 

TGTGCTGGAGACACTCGGAGCGGCGGGCCCCAGGCAAACTTGCACGACGCCTGCCAGGGC 
CysAlaGIyAspThrAr^SerGIyGlyProGlnAlaAsnLeuHisAspAlaCysGlnGly 
. * 460 * • 470 

GATTCGGGAGGGCCCCTGGTGTGTCTGAACGATGGCCGCATGACTTTGGTGGGCATCATC 
AspSerGlyGlyProLeuYalCysLeuAsnAspGlyAr^Me tThrLeuYalGlyl 1 eT 1 e 
480 490 
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Fig. 3-031 



AGCTGGGGCCTGGGGTGTGGACAGAAGGATGTCCCGGGTGTGTACAC^AGGTTACCAAC 

SerTrpGryLeuGlyCysGlyGlnLysAspValProGlyV^M-yrThrLysValThrAsn 
500 51TF 

TACCTAGACTGGATTCGTGACAACATGCGACCGTGACCAGGAACACCCGACTCCTCAAAA 
TyrLeuAspTrp 1 1 eAr*AspAsnMe tAr S Pro***J_^ Nbncosi^ ' 

(Sau3AI) 

GCAAATGAGATCCCGCCTCTTCTTCTTCAGAAGACACTGCAAAGGCGCAGTGCTTCTCTA 



CAGACTTCTGCAGACCCACCACACCGCAGAAGCGGGACGAGAC 

AGTGCATTTTCCGAGATACTTCCCATTTTGGAAGTTTtCAGGACtTGGTCTGATTTCAGG 
ATACTCTGTCAGATGGGAAGACATGAATGCACACTAGCCTCTCCAGGAATGCCTCCTCCC 
7GGGCAGAAGTGGCCATGGCACCCTGTTTTGGCTAAAGCCCAACCTCCTGACCTGTCACC 

GT.GAGCAGCTTTGGAAA'CAGGACCACAAAAATGAj^ 

(Bgl rt) . ' - 

AAGA-3* 
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- digestion with BamK 
and Sac I 

• isolation of 5388 bp 
DMA fragment 



- digestion with 
Sau 3 AI and Sac I 

- isolation of 
389 bp DNA fragment 



-ligation 

-transformation of E. coli DH-1 
and cultivation 

-isolation of plasroid pCLiPA Axtrp 



synthetic trp 
promoter M gene 



Hind M 




Bgl I 
Bbel 



r 



'Sac I 

Sau3AI(Bam HI) 
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Sal I 
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and 3 # -noncoding 
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terminator gene 
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Fig. 5 Construction and cloning of plasmid pTQiFAAtrp 
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and Bbe I 

-ligation with 19bp 
DNA fragment 



dalBbel 

I I 

DNA fragment (69bp) 



- digestion with Bbel 
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•ligation 

transformation of ELcoli DH-1 
and cultivation 

~ isolation of plasmid pIQiPA ^trp 
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Fig. 6 Construction and cloning of 'plasmid pTA9004 
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San 3AI (Bam HI) 



Sal I 
pCLiPA Axtrp 



-digestion with Dde I 
.and BcpRI 

-isolation of 91*bp 
DNA fragment 

- ligation with oligodeoxy- 
ribonucleotides HP31 
and HP32 



•digestion with 
CLal and EcoRI 

- isolation of 4397bD 
CLal-EcbRI DNA 
fragrrent . 



-ligation 

- transformation of E. coli DH-1 
and cultivation 

-isolation of plasrcid pIA 9004 



synthetic trp s 0 * 
promoter IE gene Qal 

//EcoRI 




mtxtant -t-FA gene lacking 472bp EcoRI 
DNA: fragment and 3* — nonooding region 



San 3AI (Bam HI) 



- synthetic fd phage terminator gene 



Sail 
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Fig. 7 . Construction and cloning of plasmid piTTkPAAtrp 
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• digestion with EcoRI 
> dephosphory lation 



^digestion with EcoEL 

-isolation of 472bp 
DNA fragment 



- ligation 

-transformation of E. coli DE-1 
and cultivation 

- isolation of plasmid pTIkPA Atrp 



synthetic trp ^^^TTJctPA gene and 3 '-noncoding region 

promoter BE gene rVaT 

^-J— / , EcoRI 



Sau 3AI (Bam HI ) 

< — synthetic fd phage terminator gene 
'Sail 
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Fig. 8 DMA sequence of EccRI DN?_ fragment ( 4 7 2 bo ) 



CEcoRI) 

Coding chain: . 5~'-AATTCCATGATCCTGATAGGCAAGGTTTACACAGCA 

Amino acid sequence: AsnSerMe 1 1 1 eLeuI i eGl yLys Val TyrThr Al a 

CAGAACCCCAGTGCCCAGGCACTGGGCCTGGGCAAACATAATTACTGCCGGAATCCTGAT 
GInAsnProSerAl aGl nAl aLeuG 1 yLeuG 1 yLys Hi s AsnTyrCys Ar^AsnPro Asu 



GGGGATGCCAAGCCCTGGTGCCACGTGCTGAAGAACCGCAGGCTGACGTC-GGAGTACTGT 
G I yAs p A I aLy s Pr o TrpCysH iaVaiLe uLysAs nArff ArsLeuThr TrpG 1 uTyrCy s 



GATG7GCCCTCC7GCTCCACCTGCGGCCTGAGACAGTACAGCCAGCCTCAGTTTCGCATC 
AspValProSerCysSerThrCysGlyLeuArs-GI nTyrSerGl nProGi nPheAr^I 1 e 



ASAGGAGGGCTCTTCGCCGACATCGCCTCCCACCCCTGGCAGGCTGCCATCTTTGCCAAG 
LvsGlyGlyLeuPheAlaAspI 1 e'Al aSerHi sProTrpGl nAl aAl a. 1 1 ePheAlaLys 



CACAGGAGG7CGCCCGGAGAGCGGTTCCTGTGCGGGGGCATACTCATCAGCTCC7GCTGG 
HisArsAr^SerProGiyGluArsPheLeuCysGl yClyl l eLesI 1 eSerSerCysTrp 



ATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCCCACCACCTGACGGTGAtC 
1 1 eLeuSerAl aAl aHi sCysPheGlnGlii.ArffPh.ePro Pro Hi sHi sLeuThrVal lie 



TTGGGCAGAACATACCGGGTGGTCCCTGGCGAGGAGGAGCAGAAATTTGAAGTCGAAAAA 
LeuG 1 yAr sThr Tyr Ar £V a 1 V a 1 Pr o G 1 yG 1 uG 1 uG 1 uG 1 nLysPh eGl uYa I G 1 aLys 

" (EcoRI) 

rACATTGTCCATAAGG -3' * 
TyrlleYalHisLys 



POOR QUALITY 
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Fig. 9 Construction and cloning of plasmld pTTiPAAtrp 




Sau 3AI (Bam HI) 



Sail 



pIA90.04 




EcoRI 

<-472 bp DNA 
fragment of 
mutant t-PA 
gene 

"EcoRI 

PIFA102 (Lys 277 -> lie) 



-digestion with EcoEL 
■ dephosphorylation 



- digestion with EcoRI 

-isolation of 472bp 
DNA fragment 



-ligation 

-transformation of E. coli DH-1 
and cultivation 

- isolation of plasmid pIIiPA Atrp 





digestion with EcoRI 
treatment with bacterial 
alkali phosphatase 
isolation of 4744bp 

DNA ffiragmeht 



-digestion with EcoRI 
-isolation of 472bp 
DNA fragment 



- ligation 

- transformation of E. coli DH-1 

and cultivation 
-isolation of plasmid pTQkPA^trp 
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Fig. 11 Construction and cloning of plasmid pMH9003 
Clal CLal 




Sau3AI(BainHI) 



Sail 



pCLiPA-^xtrp 




Sail 



PIA9004 



-digestion with EcoRI 

and Ddel 
-isolation of 184 bp 

DNA fragment 



3 *. 



(EcoRI) (Ddel) 
DNA fragment (I84bp) 



-digestion with EcoRI and 
Stall 

-isolation of 4329 bp DNA 
fragment 

-ligation with synthetic 
oligodeoxyribonuclest i des 
SKI aid SK2 j-.^l^ ,- T . . 
-treatment with EcoR I 
-isolation of 4367 bp 
DNA fragment 




-(EcoRI) 

_ -(Ddel) 
t^EcoRY 
StuI 

DNA fragment (4367bp) 



- ligation 

-transformation of E-coli QH-1 and 

cultivation 
-isolation of plasmid pMH9003 ^ 



aai 




EcoRI 

.^^EcoRY 

— Stat 



Sail 



PMH9003 
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Fig. 12 Construction and cloning of plasmid pSTEktrp 
Clal Clal 




PMH9003 pCLiPA^xtrp 



-digestion with StuI 
* isolation of 4551bp 
DNAfragment 

' treatanent with calf 
int e s tinal phosphatase 



-digestion with StuI 
-isolation of 419bp 
DNA fragment 



- ligation 

- transformation of E. coli DH-1 
and cultivation 

- isolation of plasmid pSTEktrp 



Synthetic trp 
promoter III gene 

Si 



Clal 



NEcoRI 



psnktxp 



STUctPA gene and 3 ' -noncoding 

•v region 
oRI ^ 

'StuI 

-EcoRI 

-StuI 

-Sau3AI(BainHI) J 
— synthetic fd phage terminator gene 
LI 
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Fig. 13 Construction and cloning of plasndd pZY 



Clal 




aai 



pTQiPA^trp 




digestion with EcoRl and 
StuI 

> isolation of 4575 bp DNA 
fragment 

• ligation with synthetic 
oligbd^xyribonticlesti des 
HP56* and HP57 
treatment with EcoR I 

isolation of 4613 bp 
DNA fragment: 



-digestion with EcoR I 
and Ddel 

-isolation of 184bp 
DNA fragment' 



(EcoRI) (Ddel) 

DNA fragment (184bp) 



— (EcoRI ) 

—(Ddel) 
DNA fragment (46l3bp) 




- ligation 

-transformation of E.coli DH-1 and 

cultivation 
-isolation of plasroid pZY 



(Hal 




pZY 
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Fig. 14 Construction and cloning of plasmid pSIQitrp 



CLal 



Clal 




pZY 



Sail 




> digestion with Stu I 

• treatment with * -calf intestinal 
phosphatase 

• isolation of 4797bp 
DMA fragment 



-digestion with Still 
-isolation of 419bp 
DNA fragment 



- ligation 

- transformation of E. coli DH-1 

and cultivation 

isolation of plasmid pSIQitrp 
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Fig. 15 Construction and cloning of plasmid pSIQktrp 




EcoRV 



pSTIktip pSIQitrp 



-digestion with Clal and EcoRV 

isolation of 4656bp 
DNA fragment 



- digestion witli da I 
and EcoR V 

- isolation of 560bp 
DNA fragment 



- ligation 

- transformation of E. coli DH-1 

and cultivation; 
-isolation of plasmid pSIQktrp 
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Fig. 16 Construction and cloning of plasmid pMH9005 



Clal 




StuI 



■EcoRI 
StuI 



^Sall 
pCLiPA-^trp 



Clal 




Sail 



PTA9004 



- digestion with EcoRI 

and Ddel ... 
-isolation of 184bp 

DNA fragment 



(EcoRI ) (Ddel) 
DNA fragment (I84bp) 



-digestion with StuI and 
EcoRI 

-ligation with oligodeoxy- 
ribonucleo tides HPSO and 
HP61 

-treatment with EcoRI 

- isolation of 4364bp 
DNA fragment 



*-<EcoRI) 

*-{DdeI) 
t 

StuI 

JDNA fragment (4364bp) 




- ligation 

- transformation of ILcoli DH-1 and 
cultivation : \ . ' " 

- isolation of plasmid pMH 9006 



Clal 




PHH9006 



Sail 



Fig. 17 Construction and cloning of plasmid pthHtrp 

CLal CLaL 




StuI 



Sail 



PHH9006 




EcoRI 

Ode I 



StuI 



EcoRI 



StuI 



v SalI 
pCUPA^xtrp 



•digestion with StuI 

.treatment with calf intestinal phosphatase 



-digestion with StuI 

- isolation of 41 9bp 
DNA fragment 



- ligation 

- transformation of E. coli DH-1 
and cultivation 

- isolation of plasmid pthHtrp 



synthetic txp 
pr on oter III 




thlltPA gene and 

3'-noncoding region 



pthlltrp 



"Sail 



Synthetic fd phage 
terminator gene 



Fig. 18 Construction and cloning of plasmid pMH9007 



Clal 




EcoRV 



Sail 



PMH9003 



aai 




Stiil 



Vl/' 



- digestion with EcoRI and 
EcoRV 

- isolation of 4340bp DNA 
fragment 

- ligation with synthetic 
oligodeoxyribonuclesti des 
HP58 and HP59 - 

-treatment with EcoRI 



- digestion with EcoRI 
and Ddel 

t isolation of 184bp 
DMA fragment 



(EcoRI) (Ddel) 
DNA fragment( 184bp) 



— (EcoRI) 

r(Ddel) 
f^(EcoRV) 

(StuI) 

DNA fragment (4367bp) 




-ligation 

- transformation of E. coli Dtt-1 and 
cultivation 

- isolation of plasmid pMH9007 

.... >■ 



Clal 




p*fH9007 



Sail 
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Fig. 19 Construction and cloning of plasmid pulltrp 

Clal Clal 

/EcoRI 

-Ddel 

StuI 




Sail 




PMH9007 



^Sall 
pCLiPA^xtxp 



- digestion with Stu I 

* treatment With calf intestinal phosphatase 

isolation of 4551bp 
DNA fragment 



-digestion with StuI 

- illation of 419bp 
DNA fragment 



- ligation 

- transfo rmat ion of E*coli DH~1 
- and cultivation 

- isolation of plasmid puTTtrp 



synthetic trp 
promoter TTX gene q^j 
V 




Sail 



uTTtPA gene and 3 ' -noncodi ng 
region 

_ _ Ddel" 
StuI 

EcoRI 

StuI 

Sau3AI(BamHi; 
synthetic f d phage terminator gene 



pulltrp 
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Fig. 20. Construction and cloning of plasmid pSI118 
p^pj D NA comprising mouse 

\f metallothionein(MMI) promoter gene 
MBgll/HindHI) 



Sal 




Bgll 



J tPA signal peptide gene 



KunHI 



native tPA gene 
3 ' -noncoding region 

y 

(Bgll/BamHI) 

^ — DNA comprising polyadenylation site 

PSI112 

— digestion with BamH I and Sal I 

isolation of the large DNA fragment 



Sail 




BamH I 



— 3' filling with CNA polymerase (Klenow) 

— ligation with T4 DNA ligase 

— transformation; of E. coll HB101 
isolation of plasroxd pST118 



\1/ 



Ecog J r — 'MIA comprising MMT promoter 

(Bgll/Hiirim)y tPA 

Bgl ) signal peptide gene 

native tPA gene 
& 

3'-noncoding region 



(Ban.Hl/SaU) * (Bgll/BamHI) 

• s ^— MIA comprising polyadenylation site 

PSI118 
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Fig. 21- (1) . cDNA sequence of a native fcPA in PST112 

(Upper: Coding chain 
Lower: Coded amino acid sequence) 



10 20 30 40 50 SO 

5 • - GTTAAGGGACGCTGTGAAGCAATCATGCATGCAATGAACACAGCCCTCTCCTGTCTCCTG 

MetAfipAl aMetLysArgGlyLeuCysCysVaiLeu 

70 80 90 100 _ 110-* 120 

CTGCTGTGTGGAGCAGTCTTCGTrrCGCCCAGCCACGAAATCCAfGCCCGdrTCAGAACA 
LeuLeuCysGlyAl aValPheValSerProSerGlnGluI leHisAl aAr^PheAr^Arg 

130 140 150 160 170 / ISO 

GGAGCCACATCTTACCAAGTCATCTGCAGAGATGAAAAAACGCAGATCATATACCAGCAA 
GlyAl aAr*SerTyrGlnVal neCysArsAspGluLysThrClnMetUeTyrGl nGi n 

196 natlV 2%0 tPA 210 220 230 240 

CATCAGTCATGGCTGCGCCCTGTGCTCAGAAGCAACCGGGTGGAATATTGCTGGTGCAAC 
HisGlnSerTrpLcuArxProValX.euAr«SerAsnArsVAlCluTyrCysTrpCysAsn 

250 250 270 280 290 300 

AGTGGCACGGCACAGTGCCACTCAGTGCCTGTCAAAAGTTGCAGCGAGCCAAGGTGTTTC 
SerGlyAr«AlaGlnCysHicSerValProVaILysSerCysSerGluProAr«CysPhe . 

310 320 330 340 - *350 350 

AACGGGGGCACCTGCCAGCAGGCCCTGTACTTCTCAGATTTCGTGTGCCAGTGCCCCGAA 
' AsnGlyGlyThrCysGinGlnAlaLcuTyrPheSerAcpPhcValCysGlnCysProGlu 

370 380 390 400 410 420 

GGATTTCCTGGGAAGTGCTGTCAAATAGATACCAGGGCCACGTGCTACGACGACCAGCGC 
Gl yPheAl aGlyLy«CysCysGl ul 1 eAspThrArgAl aThrCysTyrGHiAspGl nGl y 

430 440 * 450 460 . 470 480 

ATCAGCTACAGGGGCACGTGGAGCACAGCGGAGAGTGGCGCCGAGTGCACCAACTGGAAC 
IleSerTyrArgGlyThrTrpSerThrAlaGluSerGlyAlaGluCysThrAsnTrpAsn 

490 500 510 520 - 530 540' 

AGCAGCGCGTTGGCCCAGAAGCCCTACAGCGGGCGGACGCCAGACGCCATCAGGCTGGGC 
SerSerAlaLeuAIaGlnLysProTyrSerGlyArgArsProAspAlalieAr^LeuCly 

550 550 570 580 590 600 

CTGGGGAACCACAACTACTGCAGAAACCCAGATCGAGACTCAAAGCCCTGGTGCTACGTC 
- IieuGlyAsnKisAenTyrCyBAr^AsnProAspAr^AspScrLysProTrpCysTyrVai 

610 .620 630 640 650 660 

TTTAAGGCGCGGAAGTACAGCTCAGAGTTCTGCAGCACCCCTGCCTGCTCTGAGGGAAAC 
PheJLysAl aGl yLysTyrSerSerGl uPheCysSerThrProAl aCysSerCl uGlyAsn 

670 680 690 700 710 720. 

AGTGACTGCTACTTTGGGAATGGGTCAGCCTACCGTGGCACGCACAGCCTCACCGAGTCG 
* *SerAspCysTyrPh*eGlyAsnGlySerAlaTyrAr^lyThrHicScrLeiiThrGluSer 

730 740 750 760 770 780 

GCTCCCTCCTGCCTCCCGTCGAATTCCATGATCCTGATAGGCAAGGTtTAGACAGCACAG 
GiyAl aSerCysLeuProTrpAsnSerHe 11 leLeuIl eGlyLysValTyrThrAl aGl n 

790 800 810 820 830 840 

AACCCCAGTGCCCAGCCACTGGGCCTGGGCAAACATAATTACTGCCGCAATCCTGATCGG 
AsnProSerAlaGlnAiaLeuClyLeuGlyLysHi sAcnTyrCycArgAsnProAspGly 

850 860 870 880 * 890 900 

GATCCCAAGCCCTGGTGCCACGTGCTGAAGAACCGCACGCTGACGTGGGAGTACTGTCAT 
AspAlaLysProTrpCysHlsValLeuLysAcnAr«Ar«LeuThrTrpGluTyrCysAsp 

910 920 930 940 950 960 

GTGCCCTCCTGCTCCACCTGCCGCCTGAGACAGTACAGCCAGCCTCAGTTTCGCATCAAA 
ValProSerCysSerThrCysGiyLcuAr«GlnTyrSerGlnProGlnPheAr«IleLys 

970 980 990 1000 1010 1020 

GGAGGGCTCTTCGCCGACATCCCCTCCCACCCCTGGCAGGCTGCCATCTTTGCCAACCAC 
Gl yd yLeuPheAl aAsp 11 eAl aSerHi sProTrpG 1 nAl aAl a M ePheAl aLysHl s 

1030 1040 1050 1060 1070 1080 

ACGAGCTCGCCCGGACAGCGGTTCCTCTGCGCCCGCATACTCATCACCTCCTGCTGGATT 
ArsArgSerProGlyGlnArgPheLeuCysGlyGlyl IcLeuI 1 cSerSerCysTrpI le 
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Fig. 21-(2) 



logo noo mo 1120 mn ,,,„ 

CTCTCTGCCGCCCACTCCTTCCACGAGACCTTTCCGCCCCACCACCTGACCGTGATCTTG 

^ C f G 4M! ACCGG ^° CCCTGG "AGGA^^ 
<"yArsT>*T y rAr*V a lValProClyCluGIuGluG^^ 

i 2 i? 1230 " 1240" "i 25 "rf* liso 



1270 1280 1290 1300 i-si^ 

AAATCGGATTCCTCCCGCTGTGCCCAGGAGAGCAGCCTGCTCCGCACTCTGTGCCT^CCC 
LysSerAspSerSerArxCysAlaGlnGluSerSerVaiyalArrt^IraySpro 



1330 1340 1350 ' 1360 1370 



1390 1400 1410 - 

GAGGCCTTGTCTCCTTTCTATTCGGAGCTCCTGAAGGXGaCTCATCTC^ 
^AlaLeuSerProPheTyrSerGluArsLeuI^sCluAlaH^^ 

1450 1460 1470 t.IAn - * 

g^^*^^^^^T^^*^*^^*^*A^*^^^^^^AACAGAACAGTCACCGACAACATGCTGTGT 
SerSerArrCy.ThrSerGlnHisLeuLe^ 

1S10 1S20 1530. 1540 is 50* 15SO 



sp 

1S70 1580 1590 160O Ifiio 



1690 1700 1710 1720 1730 „ An 

<-4 

1750 1760 1770 itua - ^ 

AATCAGATCCCGCCTCTTCTTCTTCAGAAGA^^ 

ACTTCTCcicUcCCACC^ 
CCATTTTCCCAGATACTTCCCATTTTGGA^GTTT^ 

ctctctcIgatgggaac!catgaatgc"Jctag^ 

GCAGAAGTGGCCATGCCACCCTGTTTTCGCTAAAGCCCAAC 

2050 2060 2070 2onn 

AGCAGCTTTGCAAACAGCACCACAAAAATGA^ 



A -3' 
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Fig. 22. Construction and cloning of plasmid pmIQkll8 



EcoRI 




PSI118 



(Bgll /Hindi) 
Bgl I 
Aval 
Bbe I 



(Bgll/BamHI ) 



digestion with Aval 
& Bbe I 



f- isolation of 46 bp 
DNA fragment 



-digestion with Bgl I & Bbe I 

-isolation of the large 
DNA fragment 



(Ava I ) 

95 ... 
AspGln 



GACCAG - 
GTC - 



EcoR I 




Bgll 



Bbe I 



(Bgll ) i 92 94 (Aval) 
SerCysTyrGltt 

5 GAICITGCIAGGAG 

. AACGATGCTCCIG5 



(Bgll/BamHI ) 



- 5' phosphorylation with 
t4 polynucleotide kinase 



(Bbe I ) 
— Gly 



-ligation with 14 DNA ligase 
— transformation of E.coli DH-1 

and cultivation 
-isolation of plasmid pnl(}kll8 



GGCGC 
C 



EcoRI 



DNA comprising 
polyadenylatibn 
site 




DNA comprising MOT promoter gene 

(BglII/Hindm))tPA 

Bgl I ■) si S aal Peptid® Sen© 

Aval [ mlQktPA gene 



Bbe I 



pmIQkll8 



(Bgl I/BamH I ) 



& 

3 ' -noncoding region 
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Fig. 23. Construction and cloning of plasmid pmTQkll2 



EcoRI 




EcoRI 



(Bgl I /Hind II) 
BglH 



cXma I 

PSI112 (Bgll/BamHI ) 




Bgll 



pmTQkll8 



Xma I 



- digestion with Bgl I and Xma I 

- isolation of the large DNA 
fragment - 



- digestion with 
Bgl I and Xma I 

- isolation of 
1252bp DNA 
fragment 



EcoRI 




(Bgl I ) (Xma I ) 

ArgSerCys — r Val^ 7 

GATCI IGC GTC 

A ACG CAGGGCC 



- ligation with T4 DNA ligase 

- transformation of E. coli DH-1 
^- isolation of plasmid pniTQkll2 



EcoRI 



DNA comprising 

polyadenylation 

site 




ESNA oonprisiiig 
MMI promoter 



(Bgl I /Hindi) 
Bgll 



} 
i 



pmIQW.12 



rxmal 
(Bgl I/BamH I ) 



J 



signal peptide gene 

mTQktPA gene 
& 

3'-noncoding region 
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Fig. 24. Construction and cloning of plasnriLd pHS9006 



synthetic trp. 
promoter JUL gene 



Clal 



-digestion with 
EcoR I & Cla I 



-isolation of 
the large 
DNA , r . n 

fragment vv - ia 1 ; 




TTktPA gene 
& 

3 ' -noncoding region 



Sau3A I (BamH I ) 
pIXkPAAtrFSal synthetic fd phage terminator gene 



(Bgll) 
Arg"lSerl74 



(Dde I ) 



5 ' CGAXAAAATGGGXCCIA6ATC 

IAITITACCCAGGATCIAGACT 5' 



synthetic DM 



-digestion with 
EcoR I & Dde I 

-isolation of 
92bp DNA 

fragment 



EcoRI* Vii _ ClaI 




EcbRI 



Sail 



(Dde I ) (EcoR I ) 

17* 204 
Gin 1 ' 3 ProTrp 

TGAG ; — CCGTG 

C - GGCACETAA 



- • 5 • phosphorylation with"" 
T4 polynucleotide kinase 



- ligation with T4 DNA ligase 

- transformation of E. coli DH-1 

- isolation of plasmid pHS9006 



synthetic trp 
promoter II gene 



Clal 



■Bgll 
EcoR I 




PHS9006 



TTktPA gene lacking 
472bp EcoR I DNA fragment 

(Asn205^Lys361)and 
3 '-noncoding region 



^ Sau3A I (BamH I ) 

Sal I synthetic f d phage terminator gene 
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- digestion with EcoRI (partial) 
and Apa I 

- isolation of 784bp 
DNA fragment 



- digestion with EcoR I 
and Apa I 

- isolation of the 
large DNA fragment 




- ligation with T4 DNA ligase 

- transformation of E. coli DH-1 

- isolation of plasmid pHS3020 



synthetic trp 
promoter M gene 



1 Bgl I 
EcoRI 

EcoRI 




TTktPA 
gene and 

3 ' -noncoding region 



^pa I J 
-Sau3A I (BamR I ) 
pHS3020 ^Sal I ' synthetic f d phage terminator gene 
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Fig. 26. Construction and cloning of plasmid pmlTk 



EcoR 



j* Cla I 




Bgll 



EcoR I 



Sma I 

: Sati3AI(BamHI ) 
PHS3020 'Sal I 




(Bgll .HindHT) 
Bgll 



'Sma I 

pmIQ!dT2~ (Bgl H/BamH I ) 



- digestion with Bgl I and Sma I 

isolation of the small 
DNA fragment 



- digestion with Bgl I and Sma I 

isolation of the large DNA 
fragment 



(Bgll) 
-1 

AYffSer J 



(Sma I ) 
....... — .. y a ^ Pj-q 508 



GATCI 
A 



- GTCCC 

- CAGGG 



EcoR I* 



Bgll 




J 



- ligation with 14 DNA ligase 

- transformation of E. coli DH-1 
isolation of plasmid pralTK 



EcoR I 




(Bgl I, Hind HI) 



Bgll 



DNA oorrprisin^V />Sma I 

polyadenylation Jf^rf^ J 
site — pmnk (Bgl I /BamH I ) 



DNA coinp rising 
WMT promoter gene 

tPA signal peptide gene 

TTktPA gene and 
3*-noncoding region 
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Fig. 27. Construction and cloning of plasmid pMH3025 



EeoRlOJfL 1 




PHS9006 



Bgll 
EcoRI 



Sau3AI(BamHI ) 
Sal I 



EeoR 



I*Icia I 




pSTTktrp 



synthetic trp promoter HI 
gene > 

^* R \ 'sTTlctPA gene 

EcoR I ~J 3 > _ noncoding 

Sau3AI J rm ^ m 
^(BamHI) 
Sail synthetic fd phage 
terminator 



- digestion with EcoR I 

- 5 ' dephosphorylation 
with calf intestinal 
phosphatase 



\1/ 



- digestion with EcoR I 

- isolation of 472bp 
DNA fragment 




(EcoR I ) (EcoR I ) 

205 Lvs 36 * 
AsnSer* Lys 

AATTCC - ~ — AAGG 

GG TTCCITAA 



- ligation with T 4 DNA ligase 

- transformation of E. coli DH-1 

- isolation of plasmid pMH3025 



synthetic trp 
promoter HI 
gene 



Clal 




Bgll 



PHH3025 



Sau3A I (BamHI) 



SITktPA gene 
and 

3'-noncoding 
region 



Sail ^synthetic fd phage terminator 
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Fig- 28. Construction and cloning of plasmid pmSTTk 



EcoRI*SU^ Bs111 
:EcoRV 



Sma I 




EcoR I 



Sau3AI(BamH I ) 
Sail 



PHS3025 




(Bgl I, Hind HI) 
BglH 



Sma I 
(Bgl H /BamHI } 
pmIQkll2 



- digestion with Bgl I and Sma I 

- isolation of the small 
DNA fragment 



- digestion with Bgl I 
and Sma I 

- isolation of the large 
DNA fragment 



(Bgl I) 
Ara.Ser 



(Sma I ) 
508 



ValPro 



GAICT GTCCC 

A CAGGG 



EcoR I 




Bgl I 



Sma I 



ligation with 14 DNA ligase 

- transformation of E. coli DH-1 

- isolation of plasmid pmSTTk 



E eoRj ^DNA comprising MOT promoter gene 

'(Bgl I , Hind H >? tp A signal peptide gene 
'Bgl I : - j 




V 



EcoRV 



DNA comprising yF 3 ^ 4 Sma I 
polyadenylation (Bgl I /BamHI ) 
site pmSXIk 



J 



SIXktPA gene 
and 

3 ' -noncoding region 
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Fig; 29 , % DNA Sequence of coding region in pTTkPAAtrp 

( Upper : Coding chain 
Lower : Coded amino acid sequence ) 



10 20 30 40 50 60 

5 1 -ATGTCTiAGGGAAACAGTGACTCCTACTTTGCCAATGGGTCAGCCTACCGTCGCACCCAC 
Me tSerC 1 1 uGl yAs nS er AspCysTyrPh eG 1 yAs nG 1 y SerA I aTy r ArsG t yThrH i s 

70 .80 90 100 - 110# 120 

AGCCTC4cCGAGTCGGGTGCCTCCTGCCTCCCGTGCAATTCCATGATCC?f ATAGGCAAG 
SerLeuThrGluSerGlyA* aSerCysLeuProTrpAsnSerMetl leLeuIl eGl yLys 

130 140 150 160 170 180 

GTTTAC^CAGCACAGAACCCCAGTGCCCAGGCACTGGGCCTGGGCAAACATAATTACTGC 
ValTyrTIhrAlaGlnAsnProSerAiaGlnAlaLeuGlyLeuGlyLysHisAsnTyrCys 

190 200 210 220- 230 240 

CGGAATqCTGATGCGGATGCCAAGCCCTGGTGCCACGTGCTGAAGAACCGCAGGCTGACG 
Ar^AsnRroAspQlyAsrpAlaLysProTrpCysHisValLeuLysAsnArgArgLeuThr 

250 260 270 280 290 300 

TGGGAGTACTGTGATGTGCCCTCCTGCTCCACCTGCGGCCTGAGACAGTACAGCCACCCT 
TrpGluTjyrCysAspValProSerCysSerThrCysGlyLeuAr^GinTyrSerGInPro 

310 320 330 • 340 350 360 

CAGTTTOGCATCAAAGGAGGGCTCTTCGCCGACATCGCCTCCCACCCCTGGCAGGCTGCC 
GinPheAr*Il eLysGlyGlyLeuPheAlaAspI leAlaS«rHIsProTrpClnAIaAia 

370 380 390 400 410 420 

ATCTTTGCCAAGCACAGGAGGTCGCCCGCAGAGCGGTTCCTGTGCGGGGGCATACfCATC 
1 1 ePheA 1 aLysH i sAr^ArgSerPr oG I yGl uArgPheLeuCysGl yGl y 1 1 eLeu 1 1 e 

430 440 450 * 460 * " 470 480 

AGCTCCT GCTGG ATTCTCTCTGCCGCCCACTGCTT CCAGG AG AGGTTTCCGC CCC A CC AC 
SerSerCysTrpHeLeuSerAlaAlaHisCysPheGlnGluArgPheProProHisHis 

490 500 510 520 530 540 

CTGACCqrGATCTTGGGCAGAACATACCGGGTGGTCCCTGCCGAGGAGGAGCAGAAATTT 
LeuThrVal I leLeuGlyArgThrTyrArsVal ValProGlyCiuGl uGluGlnLysPhe 

„ 550 560 570 580 590 600 

5^ A ^?2 ^ AA I ACATTCTCCATAAGG 

CluValGluLysTyrI I eYai HI sLysGI uPheAspAspAspThrTyrAspAsnAsp I 1 e 

510 620 630 640 650 660 

CCGCTGC rGCAGCTGAAATCGGATTCGTCCCGCTGTGCCCAGGAGAGCAGCGTGGTCCGC 
AlaLeuLEMiGlnLeuLysSerAspSerSerArgCysAl aGlnGl uSerSerVal Val Ar^ 



ACTCTCT 



570 680 690 700 ^ 710 720 

CCTTCCCCCCGCCGACCTGCAGCTGCCGCACTGGACGCACTGTGAGCTCTCC 



ThrValCrsLeuProProAlaAapLeTiGlnLeuProAspTrpThrGluCysGluLeuSer 

730 740 750 " 760 ' 770 780 

CGCTACG 3CAAGCATGAGGCCTTGTCTCCTTTCTATTCGGAGCGGCTGAAGGAGGCTCAT 
GlyTyrGlyLysHi sGiuAlaLeuSerProPheTyrSerGIuAr^LeuLysGluAlaHis 

790 800 810 820 830 840 

GTCAGACTGTACCCATCCAGCCGCTGCACATCACAACATTTACTTAACAGAACAGTCACC 
ValAr^L^tiTyrProSerSerArsCysThrSerGlnHisLeuLeuAsnArsThrValThr 

50 860 870 880 890 900 

GACAACAjrGCTGTGTGCTGGAGACACTCGGAGCGGCGGGCCCCAGGCAAACTTGCACGAC 
AspAsnM stLeuCysAIaCIyAspThrArsSerGlyGlyProGlnAlaAsnLeuHisAsp 

HO 920 930 940 950 960 

GCCTGCC VGGGCGATTCCGGAGGCCCCCTGGTGTGTCT GAACGATGGCCGCATGACTTTG 
AIaCysG|nGl yAspSerGlyGlyProLeuValCysLeuAsnAspGl yAr«Me tThrLeu 

)76 980 990 1000 1010 1020 

GTGGGCA rCATCAGCTCGGGCCTGGGCTGTCGACAGAACGATGTCCCGGGTGTGTACACA 
ValGl yi I el I eSerTrpGl yLeuCl yCysGl yGl nLysAspVa i FroGl y Val Ty rThr 

lb30 1040 1050 1060 1070 

Aaggttaocaactacctagactggattcgtgacaacatgcgaccgtga -3 ■ 
LysValT irAsnTyrLeuAspTrpIleAr^AspAsnHetArgPro*** 



EP 0 302 456 AT 

Fig-. 30 . DNA sequence of coding region in pTTiPAAtrp 

( Upper : Coding chain 
Lower: Coded amino acid sequence) 



10 20 30 40 SO 60 

5 • - ATGTCTGACGGAAACAGTGACTGCTACTTTGGGAATGCCTCAGCCTACGCTGGCACGCAC 
Me tSerG i uG i yAsnSerAspCysTy rPheG I yAsnGl ySer A I aTyr|«C 1 yThrH I s 
f-*TTi # tPA 

70 : 80 90 100 110 120 

AGCCTCACCGAGTCGGGTGCCTCCTGCCTCCCGTGGAATTCCATGATCCTGATAGGCAAG 
SerLeuThrGluSerGl yAl aSftrCysLeuProTrpAsnSerMe 1 1 1 eLeuI 1 eGl yKys 

X 30 140 150 160 170 180 

GTTTACACAGCACAGAACCCCAGTGCCCAGGCACTGGGCCTGGGCAAACATAATTACTGC 
ValTyrThrAlaGlnAsnProSerAIaGlnAlaLeuGlyLeuGlyLysHisAsnTyrCys 

190 200 210 220 230 240~ 

CGGAATCCTGATGGGGATGCCAAGCCCTGGTGCCACGTGCTGAAGAACCGCAGGCTGACG 
ArsAsnProAspGlyAspAlaLysProTrpCysHlsVatLeuLysAsnArsArcLeuThr 

1 250 260 270 280 ,290 300 

TGGGAGTACTGTGATGtGCCCTCCTGCTCCACCTGCGGCCTGAGACA<3TACACCCAGCCT 
J TrpGluTyrCysAspValProSerCysSerThrCysGlyLeuArrGInTyrSerGlnPro 



**310 320 330 340 350 360 

CAGTTTCCCATCATAGGAGGCCTCTTCGCCGACATCGCCTCCCACCCCTGGCAGGCTGCC 
GlnPheArgl leli eGl yGlyLeuPheAI aAspUeAl aSerHisProTrpGl nAl aAi a 

370 380 > 390 400 41Q 420 

t ATCTTTGCCAAGCACAGGACGTCGCCCGG AGAGCGGTTCCTGTGCGGCGGCATACTCATC 

IlePheAlaLysHlsAr^ArsSerProGlyGiuArsPheLeuCysGlyGlylleLeuI ie 



430 " 440 430 460 4 70 480 

AGCTCCTGCTGGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCCCACCAC 

SerSerCysTrp 1 1 eLeuSerAl aAl aH i sCysPheG I nGI uArsPheProProH i sH i s 

490 S00 510 520 530 540 

CTGACGGTGATCtTGGGCAGAACATACCGGGTGGTCCCTCCCGAGGAGGAGCAGAAATTT 
LeuThrVal 1 1 eLeuGl yArsThrTy r ArsVal Va I ProG lyG I uG I uG I uG I nLysPh e 

550 560 570 580 \ 590 ; 600 

GAAGfCGA'AAAATACATTGTCCATAAGGAATTCGATGATGACACTTACGACAATGACATT 
GluValGluLysTyrI leValHlsLysGlttPheAspAspAspThrTyrAspAsnAspIle 

610 620 630 640 630 660 

GCGCTGCTCCAGCTdAAATCGCATTCGTCCCGCTCTGCCCAGGAGAGCAGCGTGGTCCGC 

AI aLeuLeuCl nLeuLysSerAspSerSerArsCysA i aG 1 nGl uSerScrVal ValArff 

670 580 690 700 710 720 

ACTCfGTGCCTTCCCCCGCCGGACCTCCAGCTC 

ThrValCysLeuPraPraAlaAspLettGlnLeuProAspTrpThrGlnCysGluLeuSer 
730 740 750 760 770 780 

ggctacgccaagcatgagcccttgtctcctttctattcggagcggctgaaggaggctcat 

GiyTyrGlyLysHisGiuAlaLeuSerProPheTyrSerGluArxLeuLysGluAlaHis 

790 860 810 820 830 840 

GTCAGACTGTACCCATCCAGCCGCTGCACATCACAACATTTACTTAACAGAACAGTCACC 
ValAr^LeaTyrProSerSerArsCysThrSerGlnHisLeuLeuAsnArsThrYalThr 

850 - 860 870 - 880 890 -900 

GACAACATGCTGTGTGCTCGAGACACTCGGAGCGGCGGGCCCCAGGCAAACTTGCACGAC 
AspAsnMetLeuCysAlaGlyAspThrArgSerGlyGlyProGlnAlaAsnLeuHlsAsp 

910 920 - 930 940 930 960 

gcctgccagggcgattcgggaggccccctggtctgtctgaacgatgcccccatgactttg 

' AlaCyBClnGlyAcpSerGlyGIyProLeuValCysLeuAsnAspGlyArsMctThrLeu 

970 980 990 1000 1010 *' 102O 

GTGGGCATCATCAGCTCGGGCCTGGGCTGTGGACAGAAGGATGTCCCGGGTGTCTACACA 
Va 1 G I y tl e II eSe rTrpC I y LeuG I yCysC lyGlnLysAspVal ProG I y Va 1 TyrTh r 

1030 ' 1040 •* * 1050 * 106O 1070 

A AGGTTACCA ACT ACCT AGACTGG ATTCGTGACAACATGCGACCCTGA - 3 1 
* LysValThrAsnTyrLeuAspTrpI IcArsAspAsnMe tArsPro*** 



EP 0 302 456 A1 



Fig. 31. DNA sequence of coding region in pTQkPAutrrp 
(Upper: Coding chain, Lower: Coded amino acid sequence) 



10 20 30 40 50 60 

5 ' - ATGTGTTATCAGGACCAGGCCATCAGCTACAGGGCCACGTGGAGCACAGCGGAGAGTGGC 
HelCysTyrGluAspGInGtyl I eSerTyrArxGlyThrTrpSerThrA! aGl uSerGI y 

70 80 ' 90 100 110 120 

GCCCAGTCCACCAACTCGAACAGCAGCGCGTTGGCCGAGAACCCCTACAGCGGGCCGAGG 
AlaGl uCysThrAsnTrpAsnSerSerAlaLftuAl aGlntysPrpTyrSerGlyArKAri 

130 140 ISO 160 170 "" " *f 

CCAGACCCCATCAGGCTGGGCCTGCGGAACCACAACTACTGCAGAAACCCAGATCCAGAC 
ProAapAiat 1 aArgLeuClyLeuGl yAsnHI s As nTyrCysArffAs nProAspAr^ Asp 

- 130 200 210 220 230 240 

TCAAAGCCCTCGTGCTACCTCTTTAAGGCCCCGAAGTACAGCTCAGAGTTCTGCAGCACC 
SerLysProTrpCysTyrVaiPheLysAlaGlyLysTyrSerSerGIuPheCysSerThr 

250 260 270 230 290 300 

CCTGCCTCCTCTGAGGCAAACAGTGACTCCTACTTTCGGAATGCGTCACCCTACCGTGGC 
ProA I aCysSerG 1 uG I yAsnSerAa pCysTyrPheG I yAsnG \ ySer A I aTyr Ar«G 1 y 

310 320 330 340 350 360 

ACGCACACCCTCACCGAGTCCCGTGCCTCCTGCCTCCCGTGGAATTCCATCATCCTGATA 
ThrHl sSerLeuThrGluSerGIyAlaSerCysLauProTrpAsnSerMe 1 1 leLeuIl e 

370 380 390 400 410 420 

GGCAAGGTTTACACAGCACAGAACCCCAGTGCCCAGGCACTGGGCCTGGGCAAACATAAT 
GlyLysVatTyrThrA! aC] nAsnProSerA I.aG 1 nA t &LeuGl yLeuG I yLysHl sAsn 

430 440 4S0 460 470 480 

TACTGCCGGAATCCTGATGGGGATCCCAAGCCCTGGTGCCACGTGCTGAAGAACCGCAGG 
TyrCysArxAsnProAapGlyAspAl aLysProTrpCysHla Vai LeuLysAsnArrArs 

490 ' 500 .V 510 520 530 540 

CTGACGTGCGAGTACTGTGATCTGCCCTCCTGCTCCACCTGCGGCCTGAGACAGTACACC 
LeuThrTrpGI uTyrCysAspValProScrCysScrThrCysGlyLeuArrClftTyrSer 

550 560 570 580 590 600 - 

CAGCCTCAGTTTCGCATCAAAGGAGGCCTCTTCGCCGACATCGCCTCCCACCCCTGGCAG 
GlnProGlnPheArsl 1 eLysClyGt yLeuPheAl aAspl I eAl aSerHl sProTrpGl n 

610 620 630 640 6SO 660 

GCTGCCATCTTTGCCAACCACAGGAGGTCGCCCGGAGAGCGG7TCCTGTGCGGCCGCATA 
AfaAlallePheAlaLysHf sArgArg^erProGlyGl uArgPheLeuCysGlyGly ( 1 e 

670 680- 590 700 710 720 

CTCATCAGCTCCTGCTCGATTCTCTCTCCCGCCCACTGCTTCCAGGAGAGGTTrcCGCCC 
LcuneSerSerCysTrpilcLeuSerAlaAlaHlaCysPheGlnGluArffPhcProPro 

730 740 750 760 770 780 

CACCACCTCACGGTCATCTTGGGCACAACATACCCGGTCGTCCCTGCCCAGGAGGAGCAC 
HI sHl sLeuThrVat 1 1 eCeuGl yArxThrTyrAr^Va I Va I ProGl yGl uGl uGluGl n 

790 800 810 820 830 "* 840 

AAATTTCAAGTCGAAAAATACATTGTCCATAAGCAATTCqATGATGACACTTACGACAAT 
LysFheGluYalGluLyaTyrl I eYalHl slysGl uPheAspAspAspThrTyrAspAsn 

850 860 870 880 890 900 

CACATTGCGCTGCTGCACCTGAA ATCCG ATTCGTCCCGCTCTCCCCACCAGAGC AGCCTG 
Aspt t eAl aLcuLeuGlnLeuLysSerAspSerSerArxCysAl aGlnGt uSerSerVal 

910 920 930 940 950 960 

GTCCGCACTGTGTGCCTTCCCCCCGCGGACCTGCAGCTCCCGCACTGGACGGACTGTGAG 
ValArsThrValCysLeuProProAlaAspLeuGlALeuProAspTrpThrGluCysGltt 

970 960 990 1000 10X0 1020 

CTCTCCGGCTACGGCAAGCATGAGGCCTTGTCTCCTTTCTATTCCGAGCGGCTGAAGGAG 
LcuSerGiyTyrGlyLysHtsCruAl aLeuSerProPSeTyrSerGI uArsLeuLysGl u 

\ - 1030 1040. 10S0 1060 1070 1080 

GCTCATGTCAGACTGTACCCATCCAGCCGCTGCACATCACAACATTTACTTAACAGAACA 
.AlaHlsValArffLeuTyrProSerSerArjCysThrSerClnHlsLeuLeuAanArjjThr 

1090 1100 1110 1120 1130 1140 

GTC ACCG AC A AC ATGCTGTGTGCTGG AGAC A CTC GG AGCCGCGGGCCCC AGGC A A ACTTG 
Va 1 ThrAspAs riMe tLeuCys A] aG! yAspThrArffSerCI yGl yProG I nAI aAsnLeu 

1150 1160 1170 1180 1190 12 O 

CACGACGCCTCCCAGGGCGATTCCGGAGGCCCCCTGGTGTGTCTGAACGATGGCCGCATG 
-"*.•* HlsAspAlaCysClnGlyAspScrGiyGlyProLeuValCysLeuAsnAspGlyAriMet 

1210 1220 12*30 1240 12SO 126 

ACTTTGGTGGCCATCATCAGCTGGGGCCTGGGCTCTGGACAGAAGGATGTCCCGGGTGTG 
ThrLeuVa 1G t y 1 1 e II eSerTrpGl yLeuClyCysGl yGl nLysAspVal ProGt yVa I 

1270 . 1280 1290 1300 1310 

- • ■ • TACACAAACGTTACCAACTACCTAGACTCGATTCGTGACAACATGCGACCGTGA - 3 1 

TyrThrLysValThrAsnTyrLeuAspTrp! 1 eAr^As pAsnMe tAr^Pro*** 



EP 0 302 456 A1 

Fig, 32. DNA sequence of coding region in-pTQi-PAAtep 
(Upper: Coding- chain , Lower: Coded amino acid sequence) 



10 20 30 40 50 60 

5 r -ATGTGTTATGAGGACCACGGCATCAGCTACAGGGGCACGTCGACCACAGCGCAGAGTGGC 
MetCysTyrGI uAspGl nGt y I I eSerTyrArsGl yThrTrpSerThrAl aGl uSerGly 
\ — ^ TQltPA 

70 80 90 100 110 120 

GCCGAGTGCACCAACTGGAACAGCAGCGCGTTGGCCCAGAAGCCCTACAGCGGGCGGAGG 
A I aGI uCysThrAsnTrpAa nSerSerAl aLeuAl aGI nLysProTyrSerGI yAr*Ar* 

130 140 150 160 170 180 

CCAGACGCCATCAGCCTGGGCCTGGGGAACCACAACTACTGCAGAAACCCAGATCCAGAC 
ProAspAlalleArxLeuGlyLeuGlrAsRHlsAsnTyrCysArfAsnProAspAriAsp 

190 200 210 220 230 240^ 

T C A A AGCCCTG GTGCT ACGT CTTT A AGGCGGGG A AGT AC AGCTCAGAGTTCTGC AGC ACC 
SerLyaProTrpCysTyrV«lPheLysAIaGIyl.ysTyrScrSerCluPheCysSerThr 

250 260 270 230 • 290 300 

CCTGCCTGCTCTGAGGGAAACAGTGACTGCTACTTTCCGAAfCCGtCAGCCTACCGTGGC 
Pro A! aCysSerG! uGt yAa nSer As pCysTyrPheGl yAsnGlySerAl aTyr ArsGl y . 

310 320 330 340 .350 360 

ACGCACACCCTCACCGACTCGGGTGCCTCCTCCCTCCCGTGGAATTCCATCATCCTGATA 
ThrHlsSerLeuThrGluSerGlyAlaSerCysLeuProTrpAanSerMe tl leLeu! le 

370 330 390 400 . 410. 420 

CGCAAGGTTTACACAGCACAGAACCCCAGTGCCCAGGCACTGGGCCTGGGCAAACATAAT 
GlyLyaValTyrThrAl •GlnAsnProSerAlaGlnAlaLeuGlyLeuGlyLysHlsAsn 

430 440 450 4S0 470 480 

TACTGCCGGAATCCTGATGCGGATGCCAACCCCTCCTCCCACGTGCTGAAGAACCGCACG 
TyrCysArsAsnProAspGtyAspAlaLysProTrpCysHlsValLeuLysAsiiArffArK 

490 S00 510 520 530 540 

CTGACGTGGGAGTACTGTGAfGTGCCCTCCTGCTCCACCTGCGOCCtbAOACAGTACAGC 
LeuThrTrpGluTyrCyaAapValProSerCysSierThrCysGlyLeuArffGlnTyrSer 

550 560 570 580 590 - 600 

CAGCCtCAGTTTCGCATCATACGAGGCCTCTTCGCCGACATCGCCTCCCACCCCTCGCAG 
GlnProGlnPheAr^I leMjtGlyGlyLe'uPheAlaAspI leAl&SerHI sProTrpGl n . 

610 620 630 640 650 660 

GCTGCCATGTTTGCCAAGCACAGGAGGTCCCCCGGAGAGCCGTTCCTGTGCGGGGGCATA 
AlaAlariePheAlaLysHlsArxArxSerProGIyGluArgPhoLetiCysGtyGlyl 1 e 

670 680 69.0 -700 710 720 

CTCATCAGCTCCTGCTGGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCC 
Leu I leSerSerCysTrpI 1 &LeuSerAIaAI aHl sCysPheGlnGluAr*PheProPro 

730 ; T40 750 " 760 770 780 

CACCACCTGACGGTGATCTTGGGCAGAACATACCGGGtGGTCCCTGGCG AGGAGGAGCAG 
HlsHlaLeuThrVal I 1 *LeuGlyAr«ThrTyrArsVal ValProGlyGluGluGluGl n 

790 '600 810 820 830 840 

AA ATTTGAAGTCGAAAAATACATTGTCCATAAGGAATTCGATGATGACACTTACGACAAT 
LysPheGluValGluLysTyrlleValHlsLysGluPheAspAspAspThrTyrAspAsn 

850 860 * 870 88a 890 9O0 

GACATTGCGCTGCTGCAGCTGAAATCGGATTCGTCCCGCTGTGCCCAGGAGAGCAGCGTG 
Asp 1 1 eAl aLeuLeuCl nLeuLysSerAspSerSerArgCysAl *G1 oGluSerSerVal 

910 ' 920 930 940 950 960 

GTCCGCACrGTGTGCCTTCCCCCGGCGGACCTGCAGCTGCCGGACTGGACGGAGTGTGAG 
Yal ArxThrVa ICysLeoProProAl aAspLeuGt nLeuProAspTrpThrGl uCysGlu 

970 980 990 1000 1010 1020 

CTCTCCGGCTACGGCAACCATGAGGCCTTCTCTCCTTTCTATTCGGAGCGGCTGAAGGAG 

LeuSerGtyTyrGlyLysHlsGluAlaLeaSerProPheTyrSerGlaArffLeuLysGlu 

1030' 1040 1050 , 1060 1070 1080 

GCTCATGTCAGACTGTACCCATCCAGCCGCTGCACATCACAACATTTACTTAACAGAACA 
AlaHlsValArsLebTyrProSerSerArxCysThrSerGlnHlsLeuLeaAsDArsThr 

1090 1100 1110 1120 1130 1140 

GTCACCGACAACATGCTGTGTGCTGGAGACACTCGGAGCGGCGGCCCCCAGGCAAACTTG 
ValThrAspAsnHe tLeaCysAtaGt yAapThrAr^SttrGlyGlyProClnAI aAsnLeu 

1150 , 1160 1170 1180 1190 1200 

. CACGACGCCTGCCAGGGCGATTCGGGACGCCCCCTGGTGTGTCTGAAGGATGGCCGCATG 
HtsAspA!aCysGlnGlyAspSerGlyGlyProl.enValCysLeuAsnAspGlyArsHet 

1210 1220 1230 1240 1250 1260 

ACTTTGGTGGGCATCATCAGCTGGGGCCrCGGCTGTGGACAGAAGGAfGTCCCCGGrGTG 
ThrLeuYalGlyt 1 el 1 eSerTrpGl yLeuGtyCysGlyGlnLysAspVal ProGIyVal 

1270 1280 1290 1300 1310 

TACACAAACCTTACCAACTACCTACACTCGATTCCTGACAACATGCCACCGTCA -3 1 
TyrThrLys YalThrAaaTyrLetiAspTrpf 1 eArxAspAsmMetArsPro*** 



EP 0 302 456 A1 



Fig. 33- DNA sequence of coding region in pSTTktrp 
(Upper: Coding chain 
Lower: Code^i amino acid sequence) 

10 20 30 40 50 60 

5 1 -ATGTCTGAGGGAAACAGTCACTGCTACTTTGGGAATGGGTCACCCTACCCTCGCACCCAC 
MetSerGluGlyAsnSerAspCysTyrPheGIyAsnGlySerAlaTyrArsGtyThrHis 

^STTKt:PA so 9Q uo X2Q 

* AGCCtCACCGAGTCGGGTGCCtCCTGCCTCCCGTGGAATTCCAfCATCCTGATAGGCAAG 
SerLeuThrGluSerGlyAlaSerCysLeuProTrpAsnSenMet^eLcuIIeGlyLys 

130 140 150 .160* 170 ISO 

CTTTACACAGCACAGAACCCCAGTGCCCAGGCACTGGGCCTGGGCAAACATAATTACTGC 
ValTyrThrAlaGlnAsnProSerAlaGlnAlaLeuGiyLeuGlyLysHisAsnTyrCys 

190 200 210 220 230 240 

CGGAATCCTGATGGGGATGCCAAGCCCTGGTGCCACGTGCTGAAGAACCGCAGGCTGACG 
ArsAsnProAspGlyAspAlaLysProTrpGysHisValLeuLysAsnArgArgLeuThr 

250 250 270 2SO 290 3O0 

TGGGAGTACTGTGATGTGCCCTCCTGCTCCACCTGCGGCCTGAGACAGTACAGCCAGCCA 
TrpGiuTyrCysAspValProSerCysSerThrCysGlyLeuArsGlnTyrSerGlnPro 

310 3^0 330 340 350 360 

CAGTTTGATATCAAAGGAGCCCTCTTCGCCGACATCGCCTCCCACCCCTGGCACCCTGCC 
GlnPheAspl l eLrsGlyGlyLeuPheAlaAspI leAlaS_erHisProTrpGlnAiaAla 

370 330 390 400 410 420 

ATCTTTGCCAAGCACACGAGGTCGCCCGGAGACCGGTTCGTGTGCGCGGGCATACTCATC 
I lePheAlaLysHisArsArsSerProGlyGluArsPheLeuCysG-lyGlylleLeuIle 



430 440 4S0 460 470 -*ov 

AGCTCCTGCTGGATTCTCTCTGCCGCCCACTGCTTCGAGGAGAGGTTTGCGCCCCACCAC 
SerSerCysTrpIteLeuSerAXaAlaHisCysPheGlciGluArgPhcProProHisHis 

490 500 510 520 530 540 

CTGACGGTGATCTTGGGCAGAACATACCGGGTGGTCCCTGGCGAGGAGGAGCAGAAATTT 
LeuThrVatlleLeuGlyArgfhrTyrArsValValProGIyGluGluGluGlnLysPhe 

550 5S0 570 580 , 590 600 

GAAGTCGAAAAATACATTGTCCATAAGGAATTCGATGATGACACTTACGACAATGACATT 
GluValGtuLysTyrI leYalHlsLysGluPheAspAspAspThrTyrAspAsnAspIle 

610 620 630 .640 650 660 

GCGCTGCTGCAGCTGAAATCGGATTCGTCCCGCTGTGCCCAGGAGAGCAGCGTGGTCCGC 
AlaLeuLeuGlnLeuLysSerAspSerSerArsCysAlaGlnGluSerSerValYalArs 

670 680 690* . 700 . 710 720 

ACTCTGTCCCTTCCCCCGGCGGACCTGCACCTGCCGGACTGGACGGAGTGTGAGCTCTCC 

ThrYalCysLeuProPraAlaAspLeuGinLeuProAspTrpThrGluCysGluLeuSer 

730 740 750 760 770 7SO 

GGCTACGGCAAGCATGAGGCCTTGTCTCCTfTCTATTCGGACCGGCTGAAGGAGGCTCAT 
G 1 y TyrGl yLysHl sG 1 uAI aLeuSerProPheTy rSerGl uArsLeuLysG luA I aHi s 

790 800 810 820 830 840 

GTCAGACTGTACCCATCCAGCCGCTGCACATCACAACATTTACTTAACAGAACAGTCACC 
VaUrgLeuTyrProSerSerAr«CysThrSerGlriHisfLettLeuAsnAr«ThrValThr 

850 860 870 880 890 900 

GACAACATCCTGTGTGCTGGAGACACTCGGAGCGGCGGGCCCCAGGCAAACTTGCACGAC 
AspAsriMetLeuCysAlaGlyAspThrAr^SerGlyGI yProGlnAl aAsnLeuHisAsp 

910 920 930 940 9SO 960 

GCCTGCCAGGGCGATTCCGGAGGCCCCCTGCTGTGTCTGAACGATCGCCCCATGACTTTG 
AlaCysGlnGiyAspSerGlyGlyProLeaValCysLeuAsiiAspClyAr^MetThrLeu 

970 980 990 IOO0 1010 1020 

GTGGGCATCATCAGCTGGGGCCTGGGCTCTGGACAGAAGCATGTCCCGGGTGTGTACACA 
ValGlyltel lcScrTrpGlyLcuGlyCysGtyGl'hLysAspValProClyValTyrThr 

1030 1040 1050 - 1O60 1070 

AACCTTACC AACTACCT AG ACTCGATTCGTGAC AACATGCCACCGTG A - 3 
LysValThrAanTyrLeuAspTrpI leArgAspAsnMetArffPro*** 

-en 



EP 0 302 456 AT 

Fig. 34. DNA sequence of coding region in pSTQktrp 
(Upper: Coding chain 
Lower: Coded amino acid sequence) 



10 20 30 40 50 60 

5 ■ - ATGTGTTATGAGGACCAGGGCATCAGCTACAGCGGCACCTGGAGCACAGCGGAGAGTGGC 
Me ICysTy rG t uAspG I nG I y f 1 eSerTyr ArjfG I yThrTrpSerThr A I aG I uSerC t y 
H> STQ Kf PA 

70- 80 90 100 110 120 

GCCGAGTGCACCAACTGGAACAGCAGCGCGTTGGCCCAGAAGCCCTACAGCGGGCGGAGG 
A I aGl uCysthrAs nTrpAsnSerSerA I a Leu A laGl nLysProTyrSerG I yAr* Ar& 

130 140 ■ ISO 160 170- - #30 

CCACACGCCATCAGGCTCGGCCTGCGGAACCACAACTACTCCAGAAACCCAGATCGffGAC 
Pro As p A t a 1 1 e Ar sLeuC ! yLeuGl yAs nH I s As nTyrCy a ArsAs nPr o Asp Ars As p 

190- 200 210 220 230 240 

TCA AAGCCCTGGTGCT ACGTCTTTA AGGCGGGG A AGTAC AGCTCAG AGTTCTGC AGC ACC 
> ScrLysFroTrpCysTyrValPheLysAIaGlyLyaTyrScrSerGluPheCysSerThr 

2S0 260 270 280 290 300 

CCTGCCTGCTCTCAGGCAAACAGtGACTGCTACTTTGCGAATGGGTCACCCTACCGTGGC 
Pro A I aCysSerGI uGlyAsnSerAspCysTyrPheGlyAsnGlySerAlaTyrArgGly 

310 320 330 340 350 360 

ACGCACAGCCTCACCGAGTCGGGTGCCTCCTCCCTCCCGTGCAATTCCATGATCCTGATA 
ThrHisSerLeuThrGlQSerGlyAlaSerCysLeaProTrpAsoSerNefcl leLeu! le 

370 380 390 40O 410 ^ 420 

ggcaaggtttacacagcacagaaccccagtgcccaggcactgggcctgggcaaacataat 

GlyLysValTyrThrAl aGlnAsnProSerAl aGl nAlaLeuGlyLeuGlyLysHlsAsn 

430 . 440 .450 460 470 480 

TACTCCCCGAATCCTGATCGCGATGCCAAGCCCTGGTGCCACCTGCTGAAGAACCGCAGG 
Ty rCys A rsA's aPr o As pG 1 yAs p A I aLys Pr oTrpCy s H I s Val Leutys As liArsAr^ 

490 500 510 ' 520 * - 530 540 

CTG A C GTCGG AGT ACTGTG ATGTGCCCTCCTGCTCC ACCTG CGGCCT G AG AC AGT AC AGC 
LcuThrTr-pGI uTyrCysAapVal ProSerCysSerThrCysGtyLeuArgGl nTyrSer 

550 560 . 570 ,580 , 590 600 

CAGCCACAGTrTCATATCAAAGGAGGCCTCTTCGCCGACATCGCCTCCCACCCCTCCCAG 
GtnProG I nph e As p 1 1 e Ly sG I y;G 1 y LeuPheA 1 a As p 1 1 e A I aSerH 1 s P roTr p.G 1 n 

610 620 630 640 650 660 

GCrGCCATCTTTGCCAAGCACAGGAGGTCGCCCGGAGAGCGGTTCCTGTGCGGGGGCATA 
AlaAIat 1 ePheAl aLysHl sAn? ArsSerProGl yG 1 uAr&*PbeLeuCysG I yGlyt 1 e 

670- 680 690 * 700 710 720 

CTC ATC AGCTCCTGCTGC ATTCTCTCTGCC GCCCACTGCTTCC AGG A G AGGTTTCCG C CC 
. Leul leSerSerCysTrpI leLeuScrAlaAlaHlaCysPheGlnGluArffPheProPro 

730 < 740 750- 760 - 770 . 780 

CACCACCTGACGGTCATCTTGGGCACAACATACCGCGTCGTCCCTGGCGACCAGGAGCAG 
HlsHls LeuTh r V a 1 1 1 eLe uGl yAr«Th rTyr Arx Va I V a 1 ProG lyGluGl uGluGln 

' 790 jBOa ' " 810-* 820 830 840 

. . aaatttgaagtcgaaaaatacattgtccataaggaattcgatgatgacactTacgacaat 

Ly s Ph eG luVal GluUysTyr 1 1 e V a I H 1 a LysGI uPh e Aa p As p As pTh rT y r As p As n 

850 - 860 870 880 ' 890 900 

GACATTGCGCTGCTGCAGCTGAAATCGCATTCGTCCCCCTCTGCCCAGGAGAGCAGCGTG 
Asp 1 1 eAI aLeuLeuGl nLeuLysSer-AspSerSerArgCysAt aGl nGl uSerSerVal 

910. . 920: 930. 940 950 960 

GTCCGCACTGTGTGCCTTCCCCCGGCGCACCTGCAGCTGCCCCACTGGACGGAGTGTGAG 
Val ArsThrVal CysLeuProProAl aAspLeuGl nLenPro AapTrpThrGI uCysGI a 

970 980. . 990 J 1000 lOlO 1O20 

^ CTCTCCGGCTACCGCAAGCATGACGCCTrGTCTCCTTTCTATTCGCACCGGCT 

LeuSerGlyTyrClyLysHlsGtuAl aLeuSerProPheTyrSerGI uArxLeoLysGl u 

.1030 1040 1050 1060 1070' 1080 

GCTCATGTCAGACTCTACCCATCCAGCCGCTGCACATCACAACAT^ACTTAACAGAACA 
AlaHlsValApiKCeaTyrProS«rS*rAr«^yaThrSerG!nHlsLeuLe«AsnAripThr 

1090 1100 '1110 1120 1130 1140 

GTCACCGACAAC^TGCTCTGTGCTGCAGACACTCGGAGCGGCGGGCCCCACCCAAACTTG 
ValThrAspAanMelLeuCysAlaGIyAspThrArxSerGlyGlyProGlnAlaAanLeu 

1150 1160 .1170 ,1180 1190 1200 

CACGACGCCTCCCAGGCCGATTCGGGAGGCCCCCTGGTGTGTCTCAACGATGGCCGCATG 
Hi sAspAl aCysGl nOl yAapSerGI yCl yProLeuVa ICysLeUAsnAspGI yArgMe t 

1210 1220 1230 1240 1250 1260 

ACTTTGCTGGGCATCATCAGCTGGCCCCTCGGCTGTGGACAGAAGGATGTCCCCCCTGTG 
ThrLeuValGtyllel t eScrTrpCtyLeuGl yCysGI yGl aLysAspVa IProGlyYal 

1270 1280 1290 1300 . 1310 

TACACAAAGGTTACCAACTACCTAGACTGGATTCGXGACAACATCCGACCGTGA ~3 !. 
TyrThrLysYalThrAsnTyrLeuAspTrpUeArgAspAsnMetArsPro*** 



EP 0 302 456 A1 



Fig* 35. DNA sequence of - coding region in pSTQitrp 
(Upper: Coding chain 
Lower: Coded amino acid sequence) 

10 20 30 40 SO 60 

5 • _ ATCTCTTATGACCACCACCCCATCACCTACACCCCCACCTCCACCACACCCCACACTCCC 
HetCysTyrCluAspGtnGlyl 1 eSerTyrArxGl yThrTrpSerThrA t aGtuSerGiy 

i — > ^Ta;*pA 

70 80 90 100 110 120 

GCCGAGTGCACCAACTGGAACAGCAGCGCGTTGGCCCAGAAGCCCTACAGCGGGCCGAGG 
Al *Gi uCysThrAsnTrpAsnSerSerAl aLettAt aCt nLysProTyrSerGlyAriAr* 

130 1 40 150 150 170 " 1«0_ = # 

CCACACGCCATCAGGCTCCGCCTGGGGAACCACAACTACTCCAGAAACCCAGATCGAGAC ^ 
ProAspAlal leArxLeuGlyLeaGlyAsnHlsAsaTyrCysArxAsnProAspAreAsp 

190 200 210 220 230 240 

TCAAACCCCTGGTGCTACCTCTTTAAGGCGGGGAAGTACAGCTCACACTTCTGCACCACC 
SerLysProTrpCysTyrValPheLysA! aGl yLysTyrSerSerGluPheCysSerThr 

250 260 ' 270 280 290 300 

CCTGCCTGCTCTGAGGGAAACAGTGACTGCTACrrTGCCAATGGGTCAGCCTACCGTGGC 
ProAl aCysSerGluGIyAsnSerAspCysTyrPheGlyAsnGlySerAt aTyrArxGly 

310 320 330 340 350 360 

ACGCACAGCCTCACCGAGTCGCGTGCCTCCTGCCTCCCCTGGAATTCCATGATCCTGATA 
ThrHl 5SerLeuThrGluSerGl yA I ASerCysLeuProTrpAsnSerMe 1 1 1 eLeu! I e 

370 380 390 400 410 420 

GGCAAGGTTTACACAGCACAGAACCCCAGTGCCCACGCACTGGGCCTGGGCAAACATAAT 
GtyLysYalTyrThrAUGlnAsitProSerAUGlnAl aLeuGl yLeuGlyLysHisAsn 

430 440 450 * 460 470 4SO 

TACTGCCGGAATCCTGATGGGCATGCCAAGCCCTCGTGCCACGTCCTGAAGAACCCCAGG 
TyrCy3Ar«AsnProA5pClyAspAlaLysProTrpCysHlsV*lLeuLysAsnArsArK 

490 500 510 520 530 540 

CTGACGTGCGAGTACTGTGATGTGCCCTCCTGCTCCACCTGCGGCCTGAGACAGTACACC 
LeuThrTrpGluTyrCy3A«pValProSerCysSerThrCysGlyLeuAr*GinTyrSer 

550 560 570 580 590 600 

CAGCCACACTTTGATATCATACCAGGCCTCTTCGCCGACATCGCCTCCCACCCCTGGCAG 
Gl nProGl nPheAsp 1 1 c I 1 eG I yGl yLeuPhcA I a Asp I 1 eA 1 aSerHl sProTrpGl n 

610 620 630 540 650 660 

GCTGCCATCTTTGCCAAGCACAGGAGGTCGCCCGCACAGCCCTTCCTGTGCGCGGGCATA 
Al aA tall ePhcAl *LysHlaAr«Ar£ScrProCl yGl uArxPheLeuCysGt yGl y I 1 e 

670 680 690 700 710 v 720 

CTCATCAGCTCCTGCTCGATTCTCTCTGCCGCCCACTGCTTCCAGCACACGTTTCCGCCC 
Leu! 1 eSerSerCysTrpUeLeuSerAlaAlaHlsCysPheGlnGluArgPheProPro 

730 740 750 760 770 780 

CACCACCTGACGGTGATCTTGGCCAGAACATACCCCGTGGTCCCTGGCGAGGAGGAGCAG 
HlsH! steuThrV*! I teLeuGlyAr«ThrTyrArrV*lV«IProClyClttCluGluGln 

790 800 810 . 820 630 - 840 

AAATTTGAAGTCGAAAAATACATTCTCCATAAGCAATTCCATGATGACACTtACGACAAT 
LysPheGl uVa 1 Gl uLy*Tyr 1 1 eValKt sLysG 1 uPheAspAspAspthrTyrAs pAsn 

850 860 870 880 890 900 ' 

GACATTGCGCTCCTGCAGCTGAAATCGGATTCGTCCCGCTGTGCCCAGGAGAGCAGCGTG 
Aapl 1 eAlaLetiLeuGlnLeuLysSerAspSerSarArfCysAlaG! nGl uSer SerV* I 

910 920 930 940 950 960 

GTCCGCACTGTGTGCCTTCCCCCCGCGGACCTGCAGCTGCCGGACTCGACGGAGTGTGAG 
Va l ArxthrVal CysLeuProProA I aAspLeuGI nLenProAspTrpThrGl oCysGl u 

970 960 990 1000 1010 1020 

" CTCTCCGGCT ACGGC AAGC AT G AGCC CTTGTCT CCTTTCT ATTCGG AGCGGCT G A AGG AC 
LeuSerGlyTyrGlyLysHlsGI uAl aLeuSerProPheTyrSerGt uArgLetiLysGlu 

1030 1040 1050 1060 1070 1080 

GCTCATGTCAGACTGTACCCATCCACCCCCTCCACATCACAACATTTACTTAACAGAACA 
Al aHlaYalArcLeuTrrProSerSerArrCysThrSerGI nHI sLeuLeuAsnArrThr 

109O 1100 1110 1120 1130 " 1140 

GTCACCGACAACATGCTGTGTGCTGGAGACACTCGGAGCGGCGGCCCCCAGGCAAACTTG 
ValThrAspAsnMe tLeuCysAl aGl yAspThrArjSerGl yGlyProGlnAI aAsnLeu 

HSO ; 1160 1170 1180 1190 1200 

CACGACGCCTGCCAGGGCCATTCGGGAGGCCCCCTGGTGTGTCTGAACGATGGCCCCATG 
HIsAspAlaCysCl nClyAspS«rGlyCt yProLeuVa lCyaLeuAsnAspCl yAr«.Me t 

1210 1220 1230 1240 1250* 1260 

ACTrrCGTCCCCATCATCACCTGGGGCCTGCGCTGTGGACACAACGArCTCCCCGGTGTG 
ThrLeuValG I y I let! eSerTrpGl yLeuGl yCysGI yGl nLysAspVal ProCl yVa I 

1270 1260 1290 1300 1310 

TACACAAAGGTTACCAACTACCTACACTGGATTCGTGACAACATGCGACCGTGA -3 * 
TyrThrLysValThrAsnTyrLeuAapTrpt 1 eArsAapAsnMe lArsPro*** 



Fig, 36. DNA sequence of coding region in puTTtrp 

(Upper: Coding chain; * ~ 
IiOwer: Coded amino* acid sequence) 



10 20 30 40 50 60 

5 r -ATCTCTCAGGGAAACACTGACTGCTACTTTGGGAATGCGTCAGCCTACCGTGGCACGCAC 
MetSerGluCl yAsnSerAspCysTyrPheClyAsnGlySerAl aTyrArgGlyThrHls 
V-> UTT-b PA 

70 80 90 100 -11 a # 120 

AGCCTCACCGAGTCCGGTGCCTCCTGCCTCCCGTGGAATTCCATGATCCTGATOCGCAAG 
SerLeuThrGl uSerGlyAlaSerCysLeuProTrpAsnSerMe t I leLeuI leGtyLys 

130, 140 ISO 160 170 180 

GTTTACACAGCACAGAACCCCAGTGCCCAGCCACTCGGCCTGGGCAAACArAATTACTGC 
ValTyrThrAI aGlnAsnProSerAlaGlnAlaLeuGlyLeuGlyLysHisAsnTyrCys 

190 200 210 220 230 240 

CGGAATCCTGATGCGGATGCCAACCCCTGGTCCCACGTCCTCAACAACCGCAGGCTCACG 
ArgAsnProAspGlyAspAlaLysProTrpCysHisValLeuLysAsnArgArgLeuThr 

250 260 270 280 290 300 

TGGCAGTACTGTGATGTGCCCTCCTGCTCCACCTGCG 

TrpGluTyrCysAspValProSerCysSerThrCysGlyLeuAr^GlnThrLeuArgPro 

310 320 . 330 340 350 360 

CGGTTCAAAATCAAAGGAGGCCTCTTCCCCGACATCGCCTCCCACCCCTGGCAGGCTCCC 
ArsPhcLys 1. 1 eLysGl yG lyLeuPheAl aAsp 1 1 eAI aSerHl sProTrpGl nAl aAl a 

370 380 390 . . 40O 41 0 420 

ATCTTTGCCAAGCACAGGAGGTCGCCCGGAGACCGCTTCCTGTGCGGGGGCATACTCATC 
1 1 eFheAIaLysHlsArsArgSerProGlyCliiArgPheLeuCysGlyGIyt leLeuI 1 e 

430 440 - - 450 460 470 480 

AGCTCCTGCTGGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCCCACCAC 
SerSerCysTrpIleLettSerAlaAlaHisCysPheGInGiuArsPheProProHtsHis 

490 500 510 S20 530 540 

CTGACGGTGATCTTGGGCAGAACATACCGGGTGGTCCCTGGCGACGAGGACCAGAAATTT 
Le uThr Va 1 1 1 eLeuC 1 yAr^Th rTyr Ar* Va I Va 1 ProG I yG 1 uC I uG i uG 1 nLysPhe 

550 560. 570 580 590 600 

GAACTCGAAAAATACATTGTCCATAACGAATTCGATGATGACACTTACGACAATGACATT 
GluValGluLysTyri leYalHisLysGluPheAspAspAspThrTyrAspAsnAspI le 

610 620 630 640 650 660 

GCGCTGCTGCAGCTGAAATCGGATTCGTCGCCCTGTGCCCAGGAGAGCAGCGTGGTCCGC 
AlaLeuLeuGlnLeuLysSerAspSerSerArsCysAlaGlnGluSerSerValYalArg 

- 670 680 690 70O 710 720 

ACTGTGTGCCtTCCCCCGGCGGACCTGCAGCTGCCGGACTGGACGCAGTGTGAGCTCTCC 
ThrValCysLe uPr b P r o A I a As pLeuGlnL e uPro AspT rp fh rG 1 iiCy s G 1 uLeu S e r 

730 740 750 760 770 780 

GCCTACGGCAAGCATGAGGCCTTCTCTCCTTTCTATTCGGAGCGGCTGAACGAGGCTCAT 
Gl yTyrGl yLysHI sGi uAl aLeuSerProPheTyrSerGl uArgLeuLysG l uAl aH I s 

790 , 800 ,810 820* 830 840 

GTCAGACTGTACCCATCCAGCCGCTGCACATCACAACATrf 

Val Ar«LeuTyrPro5erSerAr«CysThrSerGlnKisLeuLeuAsnArgThrValThr 

850; 860 870 ' 880 890 900 

GACAACATGCTCTCTGCTCGAGACACTCGGAGCCGCGGGCCCCAGGCAAACTTGCACCAC 
AspAsnMetLeaCysAiaGIyAspThrAr^SerGlyGlyProGlnAlaAsaLeuHlsAsp 

. 910 J 5 92b 936; 940 950 960" 

" GCCTGCCAGGGCGATTCCX5GAGGCCCCCTGGTGTCTCTGAACCATGG 
A 1 aCysG 1 rxG lyAspSerG I yG 1 yProLeuVa ! Cys LeuAsnAspG I yArsMe tThrLeu 

970 980 , 990 . lbOO : 1010 1020 

GTGCGCATCATCAGCTGGGGCCTGGGCTGTGGACAGAAGGATGTCCCGGGTGTGTACACA 
ValGlyl 1 el 1 eSerTrpC t y LeuG I yCysC 1 yG I nLys AspVa I ProG IyVai TyrTh r 

1030 1040 1050 . 1060 1070 

AAGGTTACCAACTACCrAGACtGCATTCGTCACAACATGCGACCGTGA -3 ' 
LysValThrAsitTyrLeuAspTrpt 1 eArsAsp Asn.He tArffPro*** 



Fig. 37. DNA Sequence of coding region in pthTTtrp 



(Upper: Coding chain, Lower: Coded amino acid sequence) 



10 20 30 40 SO 60 

5 1 -ATGTCTGAGGGAAACAGTGACTGCTACTTTGGGAATGGGTCAGCCTACCGTGGCACGCAC 
Me iSerGl uGl yAsnSer AspCysTyrPheGl yAsnG I ySerAl aTyr ArgC 1 yThrHi s 

:70 v . . . 80 90 100 , 110 120 

AGCCTCACGGAGTCCCGTGCCTCCTCCCTCCCCTCGAATTCCATCATCCTGATAGGCAAG 
SerLeuThrGliiSerGlyAl aSerCysLeuFroTrpAsnSerMet t J eLeuIteGl yLys 

130 140 150 160 170 180 

GTTTACACAGCACAGAACCCCAGTGCCCAGGCACTGCCCCTGCGCAAACATAATTACTGC 
ValTyrThrAlaGInAsnProSerAlaGlnAlaLeuGlyLeuGlyLysHlsAsnTyrCys 

- 190 200 210 220 230 240 

CGGAATCCTGATGCGGATGCCAACCCCTGGTGCCACGTGCTGAAGAACCGCAGGCTGACG 
Ar^AsnPro^As pG 1 yAspA 1 aLys Pr oTrpCy sH is Val LeuLys AsnArsArgLeuThr 

250 . 260 270 280 290 300 

tgcgagtactgtgAtgtgccctcctgctccacctgcggcctgagacagtacagccagcca 

TrpG 1 uTy rCysAsp Va 1 Pr oSerCysSerTh rCysGl yLeuArgG 1 nTyrSerG i nPro 

310 320 ' 330 340 1 350 360 

ATTCCTAGATCTGGAGGCCTCTTCCCCGACATCGCCTCCCACCCCTGGCAGGCTGCCATC 
IleProArsSerGlyGlyLeuPheAlaAspI leAlaSerHisProTrpGInAl aAlal le 

37.0 . 380 390 400 410 420 

TTTGCCAAGCACAGGAGGTCGCCCGGAGACCGCTTCCTCTGCGCGGGCATACTCATCAGC 
PheAlaLysHi>ArsArsSe*rProGlyGluArsPheLeuersClyGlyI leLeuI leSer 

.430 440 -450 460 470 480 

TCCTGCTGGATTCTCTCTGCCGCCCACTGCTTCCAGGAGAGGTTTCCGCCCCACCACCTG 
SerCystrp f 1 eLeuSerAl aAl aHisCysPheGI nGluArsPheProProHi sHI sLeu 

490 " 500 SIO 520 530 540 

ACGGTGATCTTGGGCAGAACATACCGGGTGGTCCCTGCCGAGGACGAGCAGAAATTTGAA 
ThrVal I i eLeuGl y ArxTh rXyr Ar*Y al ValPr oG I yGl uGluGluGl nLy sPh eG 1 tt 

550- 560 570 S80 590 600 

GTCGAAAAATACATTGTCCATAAGGAATTCGATGATGACACTTACGACAATGACATTGCG 
ValGluLysTyrlleValHisLysGluPheAspAspAspThrTyrAspAsnAspI leAla 

. 610 620" 630- 640 650 660 

CTGCTGCAGCTGAAATCGGATTCGTCCCGCTGTGCCCAGGAGAGCAGCGTGGTCCGCACT 
LeuLeuGinLeuLysSerAspSerSerArgGysAlaGInGiuSerSerVaiyalArsThr 

670 680 690 700 710 720 

GTGTGCCTTCCCCCCGCGGACCTGCAGCTCCCGGACTCCACCGAGTGTGAGCTCTCCGGC 
ValCysLeuProProAlaAapteuGlnLeuProAspTrpT^rGtuCy^GluLeuSerGly 

730 , 740 750 760 770 780 

TACGGCAAGCATGAGGCCTTGTCTCCTTTCTATTCGGAGCGGCTGAAGGAGGCTCATGTC 
TyrGlyLysHisGIuAIaLeixSerPrbPheTyrSerGIuAr^LeuLysCluAlaHisVai 

790 800 810 820 830 840 

ACACTGTACCCATCCAGCCGCTGCACATCACAACATTTACTTAACAGAACAGTCACCGAC 
ArafLeuTyrProSerSerArgCysThrSerGlnHisLeuLeuAsnArsThrValThrAsp 

850 860 870 880 890 90O 

AACATGCTGTCTGCTGGAGACACTCGGAGCGGCGGGCCCCAGGCAAACTTGCACGACGCC 
AsnMe tLeuCysAl aGl yAspThrArffSerGl yG I yProGl nAl aAsnLeuHI sAsp Al a 

910 *920" * 930 940 950 960 

TGCCAGGGCGATTCGGGAGGCCCCCTGGTGTGTCTGAACGATGGCCGCATGACTTTGGTG 
CysGlnGlyAspSerGlyGiyProLeUValCysLeuAsnAspGIyAr^MetThrLeuVal 

970 980* -990 1000 1010 1020 

GGCATCATCAGCTGGGGCCTGGGCTGTGGACAGAAGGATGTCCCGGGTGTGTACACAAAG 
G I y 1 1 e 1 1 eSerTrpG I yLeuG 1 yCysGl yG 1 nLys AspVa IProG I y Va ITyrThrLys 

1030 104O - 1050 1060 

GTTACCAACTACCTAGACTGGATTCGTGACAACATGCGACCGTGA - 3 • 
VaiThrAsnTyrLeuAspTrpI 1 eArsAspAsnMe t ArgPro*** 



EP 0 302 466 Al 



Fig. 3 8 . DNA sequence of coding region in pmTQk!12 

(Upper: Coding chain 
Lower : Coded amino acid sequence) 



10 20 30 40 50 60 

5 * - ATCCATCCAATCAACAGACCCCTCTCCTCTCTCCrGCTCCTCTGTGCACCACTCTTCCTT 
He t As pA I aMe tLys Ar*G I yLeuCysCys Va I LeuLeuLeuCysGl yA I aVa I Phe V al 

to * so 90 ioo no. . 120- 

TCCCCCACCCACCAAATCCATGCCCCATTCAGAACACK;ACCCACATCftCCTACCACCAC 
SerProSerG 1 nG 1 n 1 1 eHl s A 1 aArsPheAr;ArsG I yAl aAr* SerCysTyrG 1 uAsa 

1 — * -Wt TO ktrPA 

130 140 ISO 160 170.1 . , -A80 

CAGGGCATCAGCTACAGGGCCACGTGGAGCACACCCGACAGTGGCGCCGAGTGCAafCAC 
GInGlyl I eSerTyrArjGlyThrTrpSerThrAI aG t uSerGI yAl aC I uCyaThrVsn 

.190 200 .210 220 ^230- 2 40 ' 

TGCAACACCACCGCGTTCGCCCACAACCCCTACACCCCCCCGACGCCAGACCCCATCACG 
TrpAsaSerSerAlaLeuAlaGlnLysProTyrSerGlyArsAr^ProAspAlal leArs 

2S0 260 2T0 280 : 290 .1300 

CTGGCCCTCGCGAACCACAACTACTCCAGAAACCCAGATCGAGACTCAAAGCCCTCGTGC . 
LeuGlyCeuGI yAsnHl 3AsnTyrCysArgA3nProAspAr£AspScrLysP t roTrpCys 

310 320 330 340 -'-"350 : - 360 

TACGTCTTTAACCCGCGGAAGTACAGCTCAGAGTTCTCCAGCACCCCTGCCTCCTCTGAC 
TyrValPheLysAl aCtyLysTyrSerSerGluPheCysSerThrFroAl aCysSerGlQ 

370 380 390 . 400 .410 420 

GGAAACACTCACTGCTACTTTGGGAATCGGTCACCCTACCGTGGCACGCACAGCCTCACC 
GlyAsnSerAspCysTyrPheGlyAanGlySerAlaTyrArsGlyThrHlsSerLeaThr 

430 " 4*40'. 450 " '460 470 1 480 

CAGTCGGGTCCCTCCTGCCTCCCGTGGAATTCCATGATCCTCATAGOCAAGGTTTACACA 
Gl uSerG I yA I aSerCysLeoProTrpAsnSerMe 1 1 1 eLeu 1 1 eGl yLysVa ITyrThr 

'490 : " 500 * 510 520 - „*" 830. *540 

GCACAGAACCCCAGTGCCCACGOCTGGGCCTGGGCAAACATAATTACTGCCIWAATCCT 
Al aGI nAsnProSerAl aGlnAI aLeuGl yLeuGlyLysHlsAs nTyrCysAi*8AsnPro. 

550 " 560 570 580 590. 600* 

CATCCCGATGCCAACCCCTGGTGCCACGTCCTGAAGAACCGCACGCTCACGTGGCAGtAC 
As pC I yAspA 1 aLysPr oTr pCy s H l s Va ILeuLy s As n ArsArcLeuTh rTr pG iuTy r 

610 - 620 . 630 640 650 .660. 

TGTGATGTCCCCTCCTGCTCCACtrrGCGCCCTGAGACAGTACAGCCAGCCTCAGTTTCGC 

; CysAspYalProSerCysScrThrCysGlyLeuArsGlnTyrSerGt oProG I nPheArj 

I • • , - • . 

i 670 680 690 - . 70O _ 710 720 

! . ATCAAAGGAGGGCTCTTCGCCGACATCGCCTCCCACCCCTGGCAGGCTGCCATCTTTGCC . 
IleLysGIyGlyLeuPheAUAspIteAIaSerHlsProTrpGlhAlaAXallePheAla 

730 740 750 760 770 780 

AAGCACAGX5AGGTCGCCCGGAGAGCGCT7CCTGTGCGGGGGCATACTCATCAGCTCCTGC 
LysKtsArrArffSerProGlyGlttAr£pheLeuCysGtyGlyIl«Leu{ te5«rSerCys. 

' 790 800 . : ' 810', ' 820 ; 830. 840 - 

I TGG ATTCT CTCTCCCCCCCACTGCTTCCAGG AGACGTTTCCCCCCC ACC ACCTGACGGTG 

[ Trpl leLttuSerAlaAtaHlsCysPheGlnCloArjcPheProProHlaHlsLeaThrVal 

- ! • 8 SO 860;.." ; , 870 8SO 890 .. 900 

ATCTTGGGCAGAACATACCGGCTCGTCCCTCGCGAGGAGGAGCACAAATTTGAAGTCCAA 
IleLeoGlyArcThrTyrArryalValProClyCluGluGltiGtnLysPhefclaValGlu 

910 920 930 940 9SO 960 

AAATACATTGTCCATAACGAAT/rCCATCATGACACTTACGACAATGACATTGCGCTGCTG k 
LysTyr 1 1 eValH I aLysG t QpheAspAspAspThrTyr As p As n As p 11 eAl aLeuLeu 

970 980 990 1O0O 1010 1020 

CAGCTGAAAreGGATrCGTCCCGCTGTGCCCACGAGAGCAiJCGTGCTCCGCACTGTGTGC 
GlnLeoCysSerAspSerSerArcCysAlaOtEkGluSerSerVal Vat ArcThrValCys 

1O30 1040 10S0 106O 1070 1OS0 

CTTCCCCCGGCGGACCTGCAGCTGCCGGACTGCACGGAGTGTGAGCTCTCCGGCTACGGC 
LeoProProAlaAspLeoGIaLeuProAspTrpTbrGlaCysGluLeaSerGlyTyrGly : 

1090 - MOO. 1110 1120 1130 114a 

AAGCATGAGGCCTTGTCTCCTTTCTATTCGGACCGGCTGAAGCACCCTCATGTCAGACTC 
LysHI sGl uAl aLeaSerProPheTyrS«rGl QArxLcoLysGl uAl »H t s V* (ArgLeu 

1150 1160 1170 1180 1190 . 1200 - 

TACCCATCCAGCCGCTGCACATCACAACATTTACTTAACAGAACAGTCACCGACAACATC 
TyrProSttrSerArcCysThrSerGlaKlsLeuLeuAsaArxTbrValThrAspAsnMet 

1210 1220 1230 1240 1250 1260 

CTGTGTGCTGGAGACACTCGGAGCCGCGGGCCCCAGGCAAACTTGCACGACGCCTGCCAG 
LeaCys A I AG 1 yAs pTh rArrS e rG 1 yC I yProG I n a 1 «As nLeaH 1 s As pA 1 aCysG 1 n 

1270 1280 1290 130O 131 1320 

GCOCATTCCCGACCCCCCCTGGTGTGTCTCAACGATCCCCGCATCACTTTGGTGGCCATC 
GlyAspSerGIyGlyProLewValCysLeuAsnAspGlyArr.MetThrLeuVaiGIy! le 

1330 t340 1350 1360 1370 1380 

ATCAGCTCCCCCCTGGGCTGTGCACAGAAGGATGTCCCGGGTGTGTACACAAAGGTTACC 
1 1 cSerTrpG 1 yLeuGI yCy*Gl yGULysAspVa 1 ProGl yV. ITyrTHrlysVa IThr 

1390 1400 1410 1420 

AACTACCTAGACtGCATTCCTGACAACATGCGACCGTGA - 3 • ... 
AsoTyrLenAapTrpr I eArjAapAsn.Me t ArjPro*** 



Pig, 39 . DNA sequence of coding region in.pmTTk 

(Upper: Coding chain 
Lower: Coded amino acid sequence) 



10 20 30 40 50 60 

5 f - ATGGATGCAATGAAGAGAGGGCTCTGC7GTGTGCTGCTCCTGTGTGCAGCAGTCTTCGTT 
MetAspAlaMelLysArsGiyLeuCysCysValLeuLeiiLeuCysGlyAlaValPheVal 

70 80 90 100 110 120 

TCCCCCAGCCAGGAAATCCATCCCCCATTCAGAAGAGGAGCCAGATCTGACCGAAACAGT 
SerProScrGl nGluI leHi sAl aAr«PheAr*ArcGlyAi aArsSerG luClyAsnSer 

130 140 ISO 160 "170" 180 

-GACTGCTACTTTCGGAATCGGTCAGCCTACCGTCGCACGCACAGCCTCACCGAGTCCGCT 
As pCysTy rPh eC I yAanGlySerA I aTyrArsC I yThrHl*SerLeuThrGtuSerGly 

190 200 210 220 230 240 

CCCTCCTGCCTCCCGTGCAATTCCATGATCCTGATAGGCAACGTTTACACACCACAGAAC 
AlaSerCysLeuProTrpAsnSerMet II eLetti leGlyLysValTyrThrAlaGI nAsri^ 

250 260 270 280 290 300 

CCCAGTGCCCAGCCACTCGGCCTGGGCAAACATAATTACTGCCCGAATCCTCATGGGCAT 
ProSerAI aGl nAl aLeuGl yLeuCI yLysHi sAsnTyrCysAr«AsnPro AspGl yAsp 

310 320 330 340 350 360 

GCCAAGCCCTGGTGCCACGTGCTGAACAACCGCAGGCTGACGTGGGAGTACTGTGATGTG 
Alal.ysProTrpCysHlsValLeuLysAanAr«ArffLeuThrTrpGluTyrCysAspVal 

370 380 390 400 * 410 420 

CCCTCCTGCTCCACCTGCGGCCTGAGACAGTACACCCAGCCTCAGTTTCGCATCAAAGGA 
ProSerCysSerTbrCyaClyLeuAr^Gl nTyrSerGl nProGlnPheArsl leLysGly 

'430 440 450 460 470 430 

GGCCTCTTCGCCGACATCCCCTCCCACCCCTGGCAGGCTGCCATCTTTGCCAAGCACAGG 
GlyLeuPheAlaAspt I eAlaSerHlsProTrpGl nAlaAl al l ePheAl aLysHl sAr* 

490 500 510 520* 530 540 

AGGTCCCCCGGAGACCCGTTCCTGTGCGGGGGCATACTCATCAGCTCCTGCTGGATTCTC 
ArsSerProG 1 yG 1 uAr^PheLeuCysG 1 yG I y 1 1 eLeu f 1 eSerS erCy sTrp 1 1 eLeu 

550 * 560 570* 580 590 600 

TCTGCCGCCCACTGCTTCCAGCAjCACGTTTCCCCCCCACCACCTGACCGTGATCTTGCGC 
SerAlaAl aHisCysPheGlnGl uAr«PheProProHI*HlsLeuThrYal I ieLeuGly 

610 620 630 640 650 660 

AGAACATACCGGGTCGTCCCTGGCGAGGAGGAGCAGAAATTTGAACTCGAAAAATACATT 
Ar«ThrTyrArxValValProGlyGluGiuGluGlnLysPhcGluValGluLysTyrl le 

670 680 690 700 710 i2Q 

GTCCATAAGGA ATTCGATGATGACACTTACGACA ATGAC ATTGCGCTGCTGCAGCTCAAA * 
Va IH 1 sLysCl uPheAsp AapAs pThrTyr Asp As nAsp 1 1 eAl aLeuLeuGl nLeuLys 

730 740 750 . 760 770 780 

TCCGArrCGTCCCGCTGTGCCCAGGAGAGCAGCGTGGTCCGCACTGTGTGCCTTCCCCCG 
ScrAspSerSerArsCysAlaGliiGluSerSerValValAriThrValCysLeuProPro 

790 800 810 820 ?30 840 

CCGGACCTCCAGCTGCCGGACTGGACGCAGTGTGACCTCTCCGGCTACGGCAAGCATGAG 
A 1 aAspLeuGl nLeuProAspTrpTh rGI uCy sGl uLeuSerG I yTyrG I yLysH I sG 1 a 

850 860 870 880 890 900 

CCCTTCTCTC C1 i ICt ATTCGGAGCGGCTGAAGCAGGCTCATGTC AGACTGTACCCATCC 
A I aLeuSerProPheTyrSerGl uAr^LeuLysG! uA 1 aHlsVa 1 Ar^LeuTyrProSer 

910 920 930 940 950 960 

AGCCGCTCCACATCACAACATTTACTTAACAGAACAGTCACCCACAACATGCTGTGTGCT 
SerArxCysThrSerGlnHlsLeuLeuAsnArxXhrValThrAspAsnHetLeuCysAla 

.*970 980 990 1000 1010' ..V 102O 

GGAGACACTCGGAGCGGCGGGCCCCAGGCAAACtTGCACGACCCCTGCCAGGGCGATTCG 

GlyAspThrAr^SerGlyGlyProGi nAl aAsnLeuHisAspAlaCysGlnGlyAspSer 

• 

1030 104O 1050 1060 1070 1080 

GGAGGCCCCCTGGTGTGTCTCAACGATGGCCGCATGACTTTGGTGGGCATCATCAGCTCG 
GlyGIyProLeuValCysLeuAsnAspGIyAr^MetThrLeuValGly I lelleSerTrp 

1090 1100- 1110 1120 -1130 1140 

GCCCTGGCCTGTGGACAGAAGGATCTCCCGGGTGTGTACACAAAGGTTACCAACTACCTA 
GlyLeuGlyCysGlyGlnLysAspValProGlyValTyrThrLysValThrAsnTyrLcu 

1150 1160 1170 

GACTGGATTCGTCACAACATGCGACCGTCA - 3 " 
AspTrp 1 1 eArjcAspAsnMe lAr^Pro*** 



Fig. 40 . DNA sequence of coding region in pmSTTk 
(Upper: Coding ch^in 
Lower; Coded amino acid sequence) 



10 20 ,30 40 30 60 

5 ■ - ATCCATGCAArCAACACACCCCTCTCCtCTGTCCTCCTGCTCTCTCCACCACTCTTCCTT 
Me t AspAl aMe ILysArxGl yLeuCysCys Va ILeuLeaLeuCysGl yAl aVa^ PhcVaj# 

70 80 90 100 110 120 

TCGCCCAGCCAGCAAATCCATCCCCGATTCAGAAGAGGACCCAGAfCTCACCCAAACAGT 
SerProSerGlttGlttlleHl5AIaAr«Ph«Ar*ArxGiyAtaAr«SerGluClyA5nSer 

. STTMWA 
130 140 150 160 170 180 

GACTCCtACtTTGCGAATGGGTCACCCTACCGTGGCACCCACAGCCTCACCGAGTCGGGT 
AspCysTyrPhcCIyAsnCtySerA-1 ATyrAr^GlyThrHlsScrLauThrGluSerCIy 

190 -200 210 220 230 240 

GCCTCCTGCCTCCCGTGGAATTCCATGATCCTGATAGGCAAGGTTTACACACCACACAAC 
A 1 aS erCy s LauPr oT r p As nS erMe 1 1 1 eUeu I leGi y Lys Yi 1 Ty rTh r A t *G I nAa n 

250 260 270 280.. 290 300 

CCCAGTCCCCAGGCACTGCCCCTCCGCAAACATA ATTACTGCCGOAATCCTGATGGGGAT 
ProSerAtaGlnAi»LeuGlyLettGlyLysHlsAsnTyrCy»Ar«A*nProAspGlyAsp 

. ."1310 320 330 340 350 _ 360 

GCCAAGCCCTCGTCCCACCTGCTGAAGAACCCCAGCCTGACGTGGGAGTACTGtGATGtG 
AlaLysProTrpCysHlsValLeuLysAsnAr*Ar*LeuThrTrpClttTyrCysAapVal 
i • 
3T0 " 380 390 400". "410 420 

CCCTCCTGCTCCACCTGCGGCCTGAGACAGTACAGCCAGCCACAGTTTGATATCAAAGGA 
ProS«rCysSerThi^ysGlyLeaAr«GlnTyrSerGlBProGInPheAapticLysCly 

430 440 4SO 460 470 4.80 

TOCCTCTTCCCCCACATCCCCTCCCACCCCTCCCAGGCTGCCATCtTTGCCAAGCACAGG 
G lyLeuPh eAlaAspl I eAlaSerHls ProTrpC I n A I a A I a I 1 ePh e A 1 aLy sH IsArs 

490 ~ 500 510 520* * 530 540 

AGGTCGCCCGG AG AGCGGTTCCTGT GCGG GGGCAT ACTC ATC ACCTCCTGCTGG ATTCTC 
ArrSerProClyGluAr*Ph«LeuCysGlyGlyl leLeul I eSerSerCysTrpt 1 eLeu 

550 560 5T0 580 . ; ---590 . ' - 600 

TCTGCCGCCCAGTGCTTCCAGGAGAGGTrTCCt^CCCACCACCTGXCGGTGATCTTGCGC 
SerAlaAIaHlaCysPheClnGlttAr^PheProProHlsHlsLettThrVaU IcLeuCly 

610 620 630 640. 650 " ,660 

AGAACATACCGGGTGGTCCCTGGCGACGACGAGCAGAAATTTCAAGTCGAAAAATACATT 
Ar^ThrTy r ArxV* I v * I ProGl yGl uCl uC 1 uGl nLys PhcC t u V* I CI uUyaTy r lie 

670 530 590 700 ' -710 720 

GT CC AT AAGG A ATTCG ATGATG ACACTT ACG AC A ATG AC ATTGCGCTCCTGC AGCTG A AA 
ValHIsLysCtuPheAspAspAspThrTyrAspAsnAspUeAlaLettLcsuGlnLeuLys 

730 740 730 . 760 - ...770 -780 

TCGGATTCGTCCCGCTGTGCCCAGGAGAGCAGCGTGGTCCGCACTGTGTGCCTTCCCCCG 
3erAspSttrS«rArcCysAlaGtnGla5«r3«rV«iralArxThrYatCy3LeaProPro 

790 800 510 820 ^ 830 840 

CCCGACCTGCAGCTCCCGCACTGCACGCAGTGTGACCTCTCCGCCTACCCCAACCATGAC 
Al a As pLeuGt oLeuProAspTrpThrGl uCysG InLeaSerGl yTyrG I yLysHl *G I u 

*■ 850 860 . STO * 880 . 890 900 

GCCTTGTCT CC1 1 F CTATTCGGAGCCGCTGAAGCAGGCTCATGTCAC ACTGTACCCATCC ' 
Al *LeuSerProPh«TyrSerGluAr*LeuLysGluALaHtsY*lAr*LeuTyrProSer 

■ 910 920 930 940 930 960 

AGCCGCTGCACATCACAACATTTACTTAACAGAACACTCACCGACAACATGCTGTGTCCT . . 
SarArsCysThrSerGlnHlsLettLeuAsnArxrhrYalThrAspAsnMetLettCysAla- 

970 980 990 1000 ' 1010 / 1020 

GCAGACACTCGGAG^GGCGGGCCCCAGGCAAACTTGCACGACGCCTGCCAGGGCGATTCG 
C I yAspThrAr^SerG I yG I yProGt oA I aAsnLeaH I sA*pAIaCysGtnGlyAspSer •• 

1030 1040 1050 1060 1070 1080 

CCAGG^CCCCTGGTGTGTCTGAACGATGGCCGCATGACTTTGCTGGGCATCATCAGCTGG 
GtyGtyProLeaValCysLeQAsaAspGlyArfMetThrUeaValGlyllelleSerTrp 

1090 1100 1110 1120 . 1130 1140 

GGCCTWGCTGTGGACAGAAGGATGTCCCCGGTCTCTACACAAAGCrrTACCAACTACCTA, " 
ClyLauClyCyaClyGtnl^aAapV*lProClyVmtTyrThrl^»ValT^rAanTyrLett 

1150 * 1160 1170 

GACTGGATTCGTGACAACATGCGACCGTGA -3 ' 

AspTrpl I «ArrAspAsnNetAr*Pro«*» ^ : __ 
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